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That Thing Called Experience 


CHARLES F. KETTERING tells the story of a mathematics 
professor who had slow motion pictures made of a cat 
that was dropped with her back toward the floor. Of 
course pussy cat landed on her feet. The professor then 
undertook the task of deriving the differential equations 
of action and reaction that defined the path of progress 
of the cat as she fell. And strange to relate, when the 
equations were plotted they proved that the cat would 
land on her feet. Of course it can be assumed that the 
cat did not wait to solve the equations before twisting 
to land on her feet; had she done so she probably would 
have landed on her head. 

Intuition, instinct and experience lands the cat on her 
feet regardless of the position from which she started to 
drop. Corresponding attributes often land the harassed 
engineering designer on his feet when he is tackling 
a new problem for which there is no precedence. 

It is futile to attempt to belittle the importance of a 
broad knowledge of engineering fundamentals and scien- 
tific principles. Such knowledge is becoming more and 
more indispensable as progress continues. But it must 
be remembered that most of the academic sounding laws, 
formulas and relationships expounded in the halls of 
learning were discovered by homely experiences. There 
was nothing academic in the experiences such as New- 
ton’s apple, Faraday’s toy, Edison’s experiments and the 
manual labors of innumerable other scientists who built 
the vast fund of knowledge. And many were the menial 
tasks they did. 

Thus it is that the technical graduate must first strive 
for practical experience. It is something that the school 
room cannot give him but without it his learning is of 
little value. 

Through experiencing the ways of nature, often be- 
yond understanding, there is gained not only first hand 
knowledge but also confidence in the power of the 


knowledge possessed. The sum total is a sense of sound 
judgment, that indispensable ingredient which makes 
the difference between mediocrity or failure and a 
striking success. 

Our technical universities are often criticized because 
they turn out men who are grounded only in theory. 
But these colleges are also criticized because they at- 
tempt to teach practical experience that can be obtained 
properly only in industry. In commenting on this, 
Charles F. Kettering described how young men who 
received their technical education after or along with 
the highest type of practical shop experience proved 
to have exceptional abilities when given jobs in engi- 
neering design or technical research. 

It is the duty of the technical universities to offer 
the highest possible type of courses in science and en- 
gineering fundamentals. But it is up to the technical 
graduate to see to it that he gets that indescribable thing 
called experience, without which his knowledge of 
science is merely raw material. Likewise it is the obli- 
gation of industry to make available jobs wherein the 
engineering graduate can get the proper kind of experi- 
ence for that particular industry in order that the 
technical graduate can make his knowledge of practical 
value. 

The most common procedure in attempting to develop 
men for the engineering department has been to hire 
a recent graduate and put him on the job of tracing or 
detailing. Usually the results are disappointing. Every 
company, big or little, should offer a well developed 
program of shop and test work for training men for 
the engineering department. Conforming to the size 
of the company, such a course would not need to be 
elaborate. But of course, proper inducements would 
have to be offered to the men who are to take the 
course. And that’s another story. 
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“Headon” 
or end view” é 
Photo tubes 


Fig. 1—A few of the typical emissive—both gas and vacuum—photo tubes commonly used. The “headon” 
or “end view” phototubes offer a comparatively large cathode area. Some of these phototubes have up to 
400 microamperes per lumen output, while others of the vacuum type have as low as 15 to 25 micro- 
amperes per lumen output 


ELECTRONIC CONTROL 


Types of Phototubes and Their Characteristics 


RALPH A. POWERS 


Vice President and General Manager Electronic Control Corporation 


Following articles will explain the application of combinations 


of tubes and other equipment and give typical circuits with 


illustrations of actual installations 


industry has been exposed to the 
contagious use of tubes—vacuum 
tubes, photo-electric cells, cathode ray 
tubes and gaseous triodes. Since this 
exposure, engineers have been called 
upon by executive managers to have 
“Electric Eyes”, electric tubes, and 
electronic controls, not only in their 
plants for production, but also in the 
products of their own manufacture. 
The engineering of a product must 
assume the proportions of having a 
maximum response from minimum in- 
vestment without sacrificing the qual- 
ity of the finished article. It is no 
wonder that tubes have played an im- 
portant part in production control and 
that in the future they will play still 
a larger role in the finished product. 
Actually, the discovery of electronic 


L HAS only been a few years since 


emission dates back to the days of the 
first conception of methods of electrical 
control. Early records report that 
Edison’s laboratories, during the de- 
velopments of the incandescent lamp, 
noticed a certain glow discharge in 
their first lamps. Not knowing any use 
of this effect, it was merely christened 
the “Edison Effect”, but actually it was 
the birth of a new industry—controlling 
electrons in vacuum or in gas. 

Later, Dr. Lee DeForest introduced 
the triode, a simple three-element tube 
consisting of a filament or electron 
emitter, a grid to control this electron 
stream, and a plate or anode to collect 
the electrons. As early as 1887 Hertz 
had noticed and made record of the fact 
that certain surfaces, supposedly photo- 
electric. emitted electrons when illumi- 


nated by light emanating from the ultra- 


violet section of the solar spectrum. 

The rapid development of radio, fol- 
lowing the introduction of DeForest’s 
three-element tube, was majored in 
newspaper publicity. As a result, al- 
most everyone became acquainted with 
the developments following the intro- 
duction of a three-element tube which 
might be used as a radio detector. 
Subsequent developments and advance- 
ments in the vacuum tube or DeForest 
audion, as it was then known, made 
possible the home radio and _ thus 
formed the basis of one of the largest 
industries in the United States. 

With reference to the photo-electric 
cell, which is so intimately tied in with 
electronic controls, few people realize 
how old it is. Over 40 years ago, re- 
sistors used for balancing long distance 
telegraph lines were made of selenium. 
The resistors worked fairly well, but at 
some time one of these resistors was 
exposed to a temperature high enough 
to cause crystallization of the low melt- 
ing point metal. A few days later an 
operator of this long distance telegraph 
line balanced the resistances at night, 
in darkness. But during the daytime 





Propuct ENGINEERING 





when these resistance units were ex- 
posed to light, a completely unbalanced 
condition existed. Shortly thereafter 
observation proved that the metal 
selenium was photo-electric. If the 
metal selenium was properly annealed, 
its resistance materially decreased when 
light was allowed to fall upon the sur- 
face. While 40 years ago this news 
was of interest to the scientists and ex- 
perimenters, little was heard about the 
interesting developments that trans- 
pired during the following five or six 
years. 

Searching through the files, one finds 
that more than 30 years ago a patent 
was granted on light beam, or photo- 
electric, counting. In the original dis- 
closure the inventor described a con- 
ventional kerosene lantern as the light 
source, in front of which he had placed 
a simple culminating lens. An image 
of the burning flame was thereby pro- 
jected on the sensitive area of an early 
selenium, or photo-conductive photo- 
electric cell. The photo-electric cell 
was connected in series with a battery 
to an_ electro-magnetically operated 
counter. Undoubtedly, it would have 
been necessary to interpose between 
the counter mechanism and the above 
photo-electric circuit a comparatively 
high-resistance low-current operating 
relay for controlling the circuit operat- 
ing the solenoid of the counting me- 
chanism. 

The earliest photo-electric cells, of 
the selenium type, while crude, offered 
unusually large changes of resistance 


with small changes of illumination. 
These photo-electric cells consisted of 
two parallel conductors, insulated from 
each other by a coating of the metal 
selenium. The selenium was then an- 
nealed to form a gray crystal formation, 
which decreased its resistance when 
light was applied. By balancing out 
the “dark” current, as shown in Fig. 2, 
small sensitive relay control could be 
obtained with changes in illumination 
of the photo-electic cell. 

Later selenium cells followed the 
same general principal, but appreciat- 
ing that a greater percentage of re- 
sistance change could be obtained if a 
greater length of parallel conductors in 
a smaller space were possible, several 
new systems of construction were in- 
troduced. The earliest consisted of 
two copper wires wound next to each 
other on a slate form, insulated from 
each other either by air or the enamel 
wire insulation. The selenium was ap- 
plied after the exposed surface had 
been carefully cleaned to insure clean 
bare metal contact without electrical 
connection between the two parallel 
conductors thus obtained. As selenium 
melts at a low temperature, 422.6 deg. 
F, it was generally painted on as a 
thick paste. Fig. 3 shows a typical 
early wire wound type of selenium 
cell. 

In an attempt to obtain a greater 
linear length of parallel conductor in 
a smaller space, the Fritz selenium cell 
was introduced. The inventor used a 
small piece of glass, to which he ap- 
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plied liquid gold or platinum, as used 
by early china painters. This glass 
disk was fired only long enough to 
have formation of the metal occur. The 
metal surface was then engraved, as 
shown in Fig. 4, forming a grid of 
metal fingers. The space between the 
opposite metal fingers was son.ctimes 
as small as 0.0002 in. After engraving, 
the glass was again fired to insure 
adhesion between metal and glass. As 
maximum sensitivity demanded a thin 
layer of selenium and because painting 
or pasting produced a sensitive area too 
thick; the metal selenium was put on 
by evaporating and condensing it upon 
the metal finger-type grid. The result- 
ing photo cell, as shown in the cross 
sectional view Fig. 5, sometimes meas- 
ured as small as 34 in. diam. by 11% in. 
in length, and was used up until five 
years ago in reproduction of sound on 
film and in domestic invisible ray in- 
stallations. 

During the development of the 
selenium photo-electric cell, strides 
were being made in the uses and types 
of vacuum tubes, self-generating photo 
cells, electron emitting photo-electric 
cells and gas filled control tubes. 

The photo-conductive selenium photo- 
electric cell had many disadvantages; 
but so did the early potassium and 
sodium emissive photo-electric cells. 
With the advent of sound-on-film pic- 
tures, 100,000 theaters in the United 
States demanded a commercially re- 
liable photo-electric cell to transcribe 
the light modulations coming from the 
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Fig. 2—The simplest arrangement of a 
battery and a potentiometer to buck out 
the “dark” current from the selenium or 
photo-conductive cell which would be 
flowing through the relay coil even 
though the cell were in complete dark- 
ness. By interposing the additional bat- 
tery and the potentiometer with polarity 
reversed, the potentiometer can be ad- 
justed so that no current flows in the 
relay coil during complete darkness of 
the photo-electric cell. An increase of 
light on the photo cell causes a decrease 
in resistance, overcoming the bucking 
effect of the additional battery and 
thereby energizing the relay shown. In 
place of this circuit, a conventional 
bridged type circuit with resistors ap- 
proximating the resistance of the cell 
might be used. 
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Fig. 3—An early type of parallel wire 
wound grid selenium photo-conductive 
cell. “B” represents a section of slate, 
glass, fiber, or other di-electric, while “A” 
represents the starting of two wires 
wound side by side for the entire length 
of the form. In the early cells the di- 
electric form was usually 2 in. or 3 in. in 
length and 1 in. to 2 in. in height. The 
two enameled wire conductors were 
wound side by side. After the surface 
of the exposed enamel wire had been 
properly cleaned down to the bare cop- 
per, the molten selenium was pasted to 
a thickness of approximately 1/32 in., in- 
dicated at “C,” and then annealed until 
its structure became gray crystalline. The 
complete cell was then cased in a wooden 
box with a glass window directly above 
the selenium allow light to center. 


--- 














k<--- 34" approx-=->| 


Fig. 4—Showing diagrammatically the op- 
posite sections of the engraved type of 
grid. Both “A” and “B” represent gold 
or platinum applied to glass. With a 
grid of this type, a large area or linear 
distance between conducting fingers and 
deposited selenium resulted in unusual 
photo-electric response from the early 
photo-conductive cells. If gold was used 
a daub of platinum metal was applied to 
either section of the engraved grid be- 
fore the final baking operation, to make 
possible soldering of pigtails, as shown 
in the drawing. The ruling machine for 
engraving these grids consisted of a 
stylus driven up and down while a mi- 
crometer screw indexed the metal covered 
glass ahead upon each up and down 
movement. Selenium was put on by evap- 
orating it and condensing it on the glass. 
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sound track on film into electrical im- 
pulses that could be tube amplified to 
operate loud speakers. 

After years of intensive and rushed 
research, the caesium emissive photo- 
electric cell resulted. This type of 
photo-electric cell is used throughout 
the United States today in theaters, 
homes, industrial plants, and even in 
fun houses at amusement parks. Fig. 1 
illustrates a few types of emissive 
photo-electric cells available to indus- 
trial control today. 


Three Groups of Phototubes 


While development work on emissive 
cells was in progress, work was being 
accomplished on, gas-filled grid-con- 
trolled tubes. Early radio tubes could 
control several milliamperes of current; 
but the introduction of an inert gas 
would allow greater current control 
possibilities. This increase in current 
carrying capacity of a gas-filled tube, 
as compared to the vacuum tube, may 
be contributed to the increase in pos- 
sible electrons between cathode and 
plate as a result of ionization of the 
gas. If direct current is applied to the 
anode of the gas tube, once fired it 
continues to pass current until anode 
supply is momentarily disconnected, 
while in the vacuum tube, the grid will 
control the increase and decrease of 
plate current. Today gaseous tubes 
have taken a definite position in indus- 
trial and product control. 

Today the engineer has three groups 
of photo-electric cells from which to 
choose. Each has its place and use. 
The following list covers the three 
primary groups — advantages — disad- 
vantages and possible uses: 

(1)—The photo-conductive group: 
Cells in this group vary their internal 
resistance according to the amount of 
light applied. Usually they use selenium 
as the photo-electric agent, although 
platinum and other metals have been 
used. These cells, with a low voltage 
battery, 44% to 22% volts, will operate 
a relay directly without amplification. 
They can be made sensitive to low light 
values. They are subject to detrimental 
“dark” current characteristics, unusu- 
ally rapid fatigue, and their resistance 
changes with the ambient temperature. 
They usually have very poor dynamic 
and frequency response characteristics. 
Their uses without amplification are 
usually limited to simple light relays 
and “electric eye” toys, because of 
their rapid fatigue and variable char- 
acteristics. 

(2)—The photo-voltaic group: This 
group includes the interesting barrier 
layer—or blocking layer self-generating 
cells which generate their own e.m.f. 
when exposed to light. Some will pro- 


duce 20 milliamperes in direct sun- 
light. 


These cells have a wide use as 


light intensity or exposure meters as 
they require no outside potential for 
meter operation. As they generally 
have a very low internal resistance, the 
output is not easily amplified by tubes. 
Their uses in industrial applications 
are very limited because without am- 
plification in light beam operation a 
very sensitive meter type relay which 
cannot withstand shop and machine 
vibration must be used. Cells in this 
group are also subject to changes due 
to temperature, and have very poor 
dynamic and frequency response. 

(3)—The photo-emissive group: In 
this group are the photo-electric cells 
used in the reproduction of sound on 
film—and consist of a sensitive area 
known as the cathode which emits 
electrons when light is allowed to im- 
pinge upon its surface. The electrons 
are collected by the anode when an 
external e.m.f. is applied, which results 
in the phototube passing current with 
the application of light. Cells in this 
group have the disadvantage of requir- 
ing an external e.m.f. of from 45 volts 
to 90 volts and require tube amplifica- 
tion before the phototube current 
change, which amounts to only a few 
microamperes can be used to operate 
an industrially satisfactory relay. The 
cells in this group have good dynamic 
and frequency response and long life 
if not subject to ambient temperatures 
of 130 deg. F. or more. 

Emissive type photo-electric cells are 





generally used in industrial applica- 
tions. In this photo-eiectric group there 
are two general classifications; one be- 
ing the gas filled cell and the other the 


vacuum cell. In general, the vacuum 
cell has very much better frequency 
response for the reproduction of sound 
on film but its emissive quality or 
sensitivity cannot be compared with 
that of the gas-filled cell. Due to the 
introduction of an inert gas, the elec- 
tron stream between the cathode and 
anode is multiplied. The introduction 
of these additional electrons in a gas 
type cell make it more sensitive to low 
light values and will produce a greater 
current change at lower light values. 


Emissive Cells Most Reliable 


It is not uncommon to find emissive 
photo-electric cells that have been in 
continual operation for more than two 
years. Some cells have been required 
to produce exacting results of tempera- 
ture control, their entire output being 
limited to the radiation in the infra- 
red region of the spectrum beyond 
8,000 Angstrom units. 

Another advantage to the emissive 
type photo-electric cell is its special 
response. In industrial or commercial 
applications, a source of radiant energy 
or actuating light source is usually an 
incandescent lamp. The incandescent 
lamp, as used for house lighting, auto- 
mobile headlights, and factory illumina- 
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Dielectric base 


Fig. 5—Cross-sectional view of an early 
Fritz type cell using the engraving as 
shown in Fig. 4, on surface “A” with the 
metallic side toward the inner part of 
the cell. Selenium was then evaporated 
onto this metallic grid. The vial bottom, 
“B.” was cemented on by various types 
of sealing waxes in order to keep mois- 
ture from attacking the microscopis layer 
of selenium. In many cases these cells 


were only 1 in. to 2 in. in length and 
from 34 in. to 144 in. in diameter. Some 
of these cells would have a dark resis- 
tance of 45,000 ohms and a light resis- 
tance of 10,000 ohms, while others would 
have a light resistance of 2,000 or 3,000 
ohms and a dark resistance of 10,000 or 
15,000 ohms, offering an unusually large 
current change in the relay circuit with 
small changes in illumination 


Light Photo-voltaic 


source cell Meter 





Fig. 6—In the photo-voltaic cell, shown 
here, a light source of 150 to 200 watts 
placed within three or four feet of the 
photo-voltaic or barrier layer cell pro- 
duces sufficient electron emission so that 
the cell produces its own e.mf. with 
sufficiently low resistance in the cell so 
that current can be easily transmitted 
to a meter or relay of the meter move- 
ment or galvanometer type. Photo-volt- 
aic cells naturally lend themselves ad- 
mirably to light measurement and 
exposure meters 
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tion, produces more than 80 per cent 
of its total radiant energy in infra-red 
between 7,500 and 10,000 Angstrom 
units. Approximately 14 per cent of 
the total radiant energy emitted from 
an incandescent lamp is visible light. 
The caesium emissive cell has its maxi- 
mum response or maximum electron 
emission between 7,500 Angstrom units 
and 15,000 Angstrom units. In almost 
every industrial installation an incan- 
descent lamp is used as a light source, 
due to the availability and low replace- 
ment cost. It is no wonder that, when 
also considering the extremely long 
life, the caesium emissive cell has been 
found to be the most popular and most 
reliable. 


Low Cost and Dependability 


Similarly, in electric resistance heat- 
ing the energy output of the heated 
object is between 6,000 and 15,000 
Angstrom units. The emissive type 
photo-electric cell has found an unusual 
opportunity to control the heaters as a 
result of the total infra-red radiant en- 
ergy emitted from the heated object. 

From the above outlined specifica- 
tions of various types of phototubes, 
the emissive type of cell meets, more 
generally. the requirements of indus- 
trial application and control. In the 
future, because of its low cost and de- 
pendability, it will eventually find its 
way to the completed product. And 


whether they be gas-filled or vacuum, 
grid controlled triodes or pentodes, they 
are reliable today. As an example of 
tube reliability, the average home radio 
receiver, where tubes of the radio type 
are taxed to the utmost of their rated 
specifications, it is not unusual to find 
tubes that are from 1,000 to 2,000 op- 
erating hours old. One can assume 
that vacuum tubes, as used in radios, 
have proved their long life, dependabil- 
ity and accuracy of manufacture. A 
comparison of accuracy of manufacture 
may be obtained by the fact that when 
installing a new tube it is not necessary 
to have the complete set re-adjusted in 
order to accommodate variables in the 
tube, such as changes in inter-electrode 
capacitance, variations in electron emis- 
sion and variations in plate current 
carrying capacity. Consequently, radio 
type tubes, produced in large quanti- 
ties, whether they be the vacuum tube 
type commonly used or the gaseous 
type such as used in cathode ray 
oscillograph sweep circuits, are manu- 
factured to close tolerances for long 
life and for dependability. 

Because tubes in the radio family 
are reliable and have long life, low re- 
placement cost, and availability in 
remote communities, they naturally fit 
into photo-electric amplification in in- 
dustrial fields. An ideal combination 
results when an emissive type photo- 
electric cell, which has unusually long 
life and slow fatigue, is coupled to one 
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or two stages of radio tube amplifica- 
tion. 

In the use of phototubes for inspec- 
tion, grading and control there is 
present the serious consideration of op- 
tics. In automatic inspection, especially 
in applications where photo cells or 
phototubes are to reject undesirable 
pieces such as roller-bearing rollers, 
the optical system which must be used 
with the phototube is of major import- 
ance and in 99 per cent of the cases 
must be designed and constructed to 
meet the specific requirements. 


Comparison With the Eye 


In comparing the human eye with a 
photo-electric system, one might say 
that the human eye consists of thou- 
sands of photo-electric cells, these 
thousands of cells being actuated by 
light through a self-compensating, self- 
focusing and automatic iris adjusting 
lens. In the use of photo-electric cells 
similar considerations must be taken. 
Optics must be carefully designed, 
selection of phototubes carefully made, 
and operation of balancing circuits to 
compensate for changes of over-all re- 
flecting power of the object under in- 
spection must be automatically com- 
pensated. Sometimes the optical systems 
used in conjunction with a series of 
phototubes, optical slits and other 
equipment closely proximates the action 
of a fixed human eye. 





Photo tube- as soon as light is applied 
electron emission from cathode to 
anode starts, causing a voltage drop 
in the 
fying ube becomes positive and 
thereby accelerates electron emis- 
sion from cathode to plate and current 
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Fig. 7—Circuit explaining how the photo- 
emissive type of cell produces current 
change in the plate circuit of an ampli- 
fying tube due to electron emission in 
the phototube itself. This combination 
of emissive phototube with electron 
emission causing positive voltage on 
the grid and thereby controlling electron 
stream between filament and plate of 
amplifying tube, exemplifies the simplest 
means of amplification due to the elec- 
tron emission 


rid leak. The grid of the ampli-— 
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Fig. 8—This simple circuit shows how 
opening a switch in the anode circuit 
turns off or “unfires” a gaseous tube. The 
gaseous tube might be compared with a 
conventional three element vacuum tube 
amplifier into which has been introduced 
the gas. Essentially, the vacuum tube is, 
a power amplifier while the gaseous tube 
is a relay tube acting much in the same 
manner as a mechanical contact switch, 
that is, it is either all on or all off. The 
reason for the greater flow of power in 





Limit switch! 
or equivalent 





+ 


the gaseous triode is because approxi- 
mately 10,000 times as many electrons can 
be packed into it as into a high-vacuum 
tube. The gas in this tube ionizes upon 
grid control and remains ionized, and 
the tube remains in the fired condition 
until the anode or plate circuit is 
opened which may be accomplished by 
the breaking of a metallic contact or by 
photo electric means. As soon as the 
plate circuit is opened the gaseous tube is 
“unfired” and the circuit broken 
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Modern Designs 


New pantograph machine, developed 
by Gorton Machine Co. permits pre- 
cise and rapid reproduction of dies 
and molds without errors common to 
hinged-type pantographs. Pantograph 
can be adapted to two-dimensional flat 
or curved work by removing modeling 
bar and clamping forming guide arm in 
place. Drive is through endless round 
linen belt from motor pivoted at the 
side of the machine. Adjustable coun- 
terweight balance permits quick speed 
changes and correct belt tension for 
motors of varying sizes. Swinging arm 
on base carries idler and driving pul- 


Three-Dimensional Precision Pantograph 


Errors due to the deviation of the 
cutter from the perpendicular as in 
hinged-type pantographs when cutting 
deep cavities or around high projec- 
tions, are eliminated in this design by 
supporting the modeling bar at a pivot 
joint on ball bearings in such a way 
that the bar can move in or out, or 
swing, but cannot move vertically. Ver- 
tical motion is accomplished through 
the spindles. Since the cutter spindle 
is held against the under side of the 
modeling bar by spring tension, any 
motion of the tracer spindle is im- 
parted to the cutter spindle in the 


Modeling bar of nickel semi-steel, per- 
forated for lightness and supported at 
pivot on ball bearing rollers, carries 
both cutter and tracer spindle. Spindle 
assemblies are of hardened alloy steel 
with preloaded ball bearings. Microm- 
eter dials on the spindle-feed mechan- 
ism permit depth adjustment to thou- 
sandths of an inch. The spindle is easily 
removed to permit grinding cutters in 
place in the spindle for precise work. 
Uniform tracer pressure against model 
is obtained by use of compensating 
springs. This construction eliminates 
need of counterweight to balance panto- 


























leys and is connected to cutting edge by 
adjustable belt-tension rod. 


same ratio as the pantograph is set 
to reproduce. 


graph. Work of any length can be 
held in these machines. 
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Modern Designs—Tube End Reinforcements 


Reinforcement 





Hydraulicall/y expanded end 





Heavy wall reinforcements at 
tube ends for threading, welding and 
other purposes, are economically pro- 
duced by a process developed by Steel 
& Tubes. Inc., of Cleveland, Ohio, and 


Special press welder welds ma- 
chined tube ends by a high current 
under heavy pressure. Tube is clamped 
in Elkonite-faced jaws under the man- 
drel. A small horizontal pneumatic 
cylinder operates to locate vertical 
jaws on the center line. Second pneu- 
matic air cylinder clamps vertical tube 





Tubing ready for re-drawing 


protected by U. S. Patent No. 2091082. 
Relatively thin tube walls compared to 
tube ends permit considerable  sav- 
ings. Fully automatic machine expands 
tubes, inserts reinforcement, and _ re- 


Pneumatically 


by means of a toggle. 
operated roller bearing head applies 


pressure. An electronic control turns 
on current for the desired time, and 
cycle is then reversed. The entire 
cycle operates two to three seconds, 
keeping change in grain structure at a 
minimum. Timing is provided by a 





Hydraulically re-drawn 
to original diameter 





Reinforcement 
embedded after re-drawing 


draws tubes. Machine is hopper fed, 
operates hydraulically, and is indexed 
by a Geneva movement. After re-draw- 
ing, tube ends are machined to proper 
contour for welding. 





Westinghouse electronic timer. Two 
“Ignitron” electronic tubes close and 
interrupt the welding current with 
effect of a single pole, single throw 
switch synchronized to power supply. 
Heat control unit permits variation in 
magnitude of welding current from 20 
to 100 per cent of maximum. 
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Electronic Unit for Remote Control 





Transformer 


Potentiometer 
contro/ knob 


Redesign of a photoelectric relay for 
automatic light control, by General 
Electric engineers, resulted in a unit 
more flexible in adjustment and _ in- 
stallation, more attractive and less ex- 
pensive than former models. Molded 
Plaskon is used for the main panel, 


Amplifying 
¢ tube 






the ball shaped part of the tube holder, 
the potentiometer knob, and the thumb 
nut. Metal parts of the control hous- 
ing are the U-shaped stamped steel 
brackets, and the drawn aluminum 
shield over the phototube. 

Transfer of the small relay from the 
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light sensitive assembly to the contactor 
panel made possible a relatively small 
and compact unit. 
located wherever desired; thus the re- 
mote photoelectric unit has become a 
dependent part of the contactor panel. 
Contactor can handle 3 kw. lamp load. 


Contactor can be 
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Radio-type transformer, formerly 
assembled by bolts to the stacking, is 
held together by a sheet metal hous- 
ing formed around the laminations, 
cutting the transformer costs and im- 
proving construction. Transformer can 
be completely short-circuited on the 
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secondary winding without causing a 
fire hazard. The normally closed con- 
tacts of the relay cause the contactor 
to pick up when the current from the 
amplifier tube to the relay coil changes 
sufficiently, but the contactor will not 
drop out until normally open contact 


is made. Therefore, the small contacts 
on the relay do not interrupt the coil 
circuit of the contactor. An auxiliary 
set of contacts tranfers the control from 
one potentiometer to the other at every 
operation, and prevents “chattering” or 
rapid fluctuations of the light. 
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Modern Designs— Assembled Plastic Molded Housing 


Housing of molded Plaskon, in eight 
pieces held by Phillips recessed head 
screws, results in reduction of cost, 
weight and freight handling charges 
in the new 1938 Toledo Guardian Du- 
plex scale. The former model, housed 
in enameled steel, weighed 157% Ib.; 
the new model weighs 564% lb. com- 
pletely assembled. The mechanism of 
the scale is similar to that used in the 
1935 model Toledo scale with one- 
piece plastic housing, which was de- 
scribed on pages 325-327 of the Sep- 
tember 1935 number of Product Engi- 
neering. 

Designed by Harold Van Doren, the 
scale housing was molded for the To- 
ledo Scale Co. by the Reynolds Spring 
Co. of Jackson, Michigan. Scale 
capacity is 18 lb., and chart gradua- 
tions give total cost of weighed mer- 
chandise for unit prices ranging from 
4 to 75 cents per pound. 








Interlocking Plaskon sections are 
fastened to the aluminum alloy scale 
frame with Phillips recessed head 
screws. These screws are also used to 


fasten the platter base to the scale 


mechanism. New model is only 20% 
in. high, and occupies 40 sq. in. less 
counter space than any comparable 


type. For greater accuracy, the read- 
ing line is within 0.003 of the non- 
warping aluminum computing chart. 
Duplex lenses magnify figures. 





RANDOM JOTTINGS ABOUT 
NEW DEVELOPMENTS 
The new Cunard-White Star Liner 


Mauretania will be the first vessel of 
its size in the world to have aluminum 
alloy funnels, of which there will be 
two instead of the usual three vr four. 
The chief reason for the use of alumi- 
num alloy is to save weight, but ad- 
vantage is also obtained from its non- 
corrosive properties. 


Exact wind speed in miles per hour 
or knots is indicated by the number 
of audible signals or light flashes per 
minute in the new Wind Speed Indi- 
cator developed by J. P. Friez & Sons, 
Inc. No reference to correction tables 
is required as the anemometer is cor- 
rect within one mile per hour through- 
out its entire range. Transmitter, 
housed in aluminum, floats on ball 
bearings. Excitation is by battery, or 
a standard bell transformer. 


To prevent rust formation, platform 
scales used in damp locations have been 
equipped with three to five heating units 
mounted inside the scale by means of 
cartridge fuse clips. Three to five Gen- 
eral Electric Spot units, each rated 150 
watts at 220 volts, are connected in 
parallel to an external 110 volt circuit 
and thus consume only 44 wattage rat- 
ing. It is claimed that the slight cost 
of power drawn is more than paid for 
by the saving in repair and maintenance. 
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ALLOY ADDITIONS 


Effect on 18-8 Stainless Steel 


HY Alloy Additions?—Regu- 

\\) lar 18-8 as produced today has 

a carbon content of 0.06 to 0.20 
per cent, a chromium content of 17 
to 19 per cent, and a nickel content 
of 7 to 9 per cent. Most of the diffi- 
culties encountered with 18-8 stain- 
less occur because of the tendency of 
chromium carbide to form at the grain 
boundaries of steel not properly 
treated, producing brittleness and de- 
stroying corrosion resistance. The au- 
stenitic structure renders the steel cor- 
rosion resistant in the more strict 
usage of the word. However, any 
deviation from standard practice may 
result in the separation of chrome car- 
bide at the austenite grain boundaries, 
producing a condition conducive to 
intergranular corrosion. To prevent 
this, proper heating and temperature 
control are necessary in the rolling of 
the sheet. 

In the annealing of 18-8 stainless, 
the metal is heated up to 1900-2100 
deg. F. and quenched in water. Rapid 
cooling insures retention of all carbon 
in solid solution and results in a soft 
metal (140-160 Brinell). If the steel 
is reheated in the range of 800 to 1400 
deg. F., carbides will be thrown out of 
solid solution. In processing 18-8 
stainless, such as welding or in power 
plants and oil refinery service where 
these temperatures are encountered, it 
is difficult to avoid exposing the metal 
to this temperature range;  conse- 
quently the use of special elements is 
relied upon to stabilize structure. 
Properties which may be improved by 
their addition are: 

1. Increase strength at ordinary or 
elevated temperatures 

2. Stabilizing carbides to prevent 
intergranular corrosion 

3. Increase resistance to acid corro- 
sion 

4. Stabilize austenitic structure in 
welding operation to prevent local 
corrosion 

5. Increase machining properties 

6. Decrease scaling tendencies 

7. Decrease galvanic corrosion due 
to potential set up by scale. 


SILICON. Steel containing 0.40 per 
cent and 2.15 per cent silicon. Tests 
carried out on steel with the above sili- 
con content, exposed to a temperature 
of 1800 deg. F., indicated that the 
0.40 per cent silicon stainless produced 
22 times as much scale as the 2.15 per 
cent silicon stainless. Claimed to in- 
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hibit intergranular corrosion associ- 
ated with the structure called Delta- 
Ferrite, which forms at temperatures 
over 2400 deg. F. Increases slightly 
the resistance to attack by dilute 
hydrochloric acid. General atmos- 
pheric corrosion properties are not 
greatly improved. 


SELENIUM. 0.25 per cent selenium, 
minimum sulphur. Sulphur has been 
added to improve machineability and 
to lessen frictional effect in cutting. 
Sulphur has not given the best results, 
but with a trace of phosphorus a slight 
improvement is noted. Addition of 
selenium in the proportion above has 
resulted in an increase of 60 to 65 per 
cent of the cutting speeds of ordi- 
nary screw stocks. Claimed to have 
an additional advantage over sulphur 
since ductility is not impaired. 


TITANIUM. Carbon 0.07 per cent, 
chromium 18.10 per cent, nickel 9.12 
per cent, titanium 0.38 per cent.  Ti- 
tanium should be present in an amount 
six times as great as the carbon con- 
tent, and in a form free to combine 
with the carbon present. It is claimed 
that no intergranular carbide precipi- 
tation will occur as the titanium car- 
bide is held in a supersaturated solid 
solution stable at temperatures under 
1825 deg. F. Gives age-hardening 
properties, particularly for use in auto 
industry where heat treatment is de- 
sired. Can be hardened to 45-48 C 
(Rockwell). No outstanding advan- 
tage in its use from corrosion resist- 
ance standpoint. In welding, titanium 
does not deposit in the weld metal, 
therefore there is danger of corrosion 
taking place in the welded structure. 


MOLYBDENUM. Carbon 0.16 per 
cent, nickel 8.5 per cent, chromium 
18.4 per cent, molybdenum 3.5 per 
cent. Used in quantities of two to four 
per cent, molybdenum improves the 
general corrosion resistance of the 
metal slightly. Claimed to improve 
strength at elevated temperatures, 
probably partly due to inhibiting inter- 
granular carbide precipitation. Molyb- 
denum, however, causes a small tend- 
ency to deep-pitting, increasing the 
tendency for galvanic corrosion due to 
the potential differences set up be- 
tween the adherent scale and the non- 
scaled areas. Silicon in small amounts 
may be used in conjunction with 
molybdenum to counteract this effect. 


Increases resistance to certain acids, 


particularly sulphuric, and to other 
chemicals. 


TUNGSTEN. Carbon 0.20 per cent, 
silicon 2.25 per cent, tungsten 3.70 
per cent, nickel 9.12 per cent, chrom- 
ium 19.9 per cent. Tungsten is added 
in amounts varying from 0.75 to 5 per 
cent to increase resistance to inter- 
granular corrosion and to increase 
strength at elevated temperatures, 
along the same lines as molybdenum. 
Does not increase scaling resistance 
at elevated temperatures, therefore it 
is frequently used in conjunction with 
silicon, which has definite scale re- 
sistance tendencies. Presence of tung- 
sten in the above amount will double 
the proportional limit of that obtained 
in the ordinary 18-8 stainless at ele- 
vated temperatures. Tungsten does not 
improve the general corrosion resist- 


ance of 18-8. 


COLUMBIUM. Columbium content of 
the metal should be at least 7 times 
the carbon content. With this amount 
it forms its own carbide to the exclu- 
sion of chrome carbide. Retards inter- 
granular corrosion particularly for 
long holding times at a temperature 
range of 1000 and 1800 deg. F. Val- 
uable addition to 18-8 stainless weld 
rods, since most of the columbium is 
retained in the weld metal, and does 
not have the tendency to burn out. In 
welding, the area away from the weld 
does not heat above 1400 deg. F., and 
as a result, any precipitated carbides 
are not redissolved and an intergranu- 
lar corrosion area is left. When colum- 
bium is present in the base metal and 
in the weld rod, the formation of this 
precipitate is prevented. 


VANADIUM. Not as widely used as 
columbium, molybdenum, and _tung- 
sten, although its function in stainless 
steel is much the same as these three 
elements, but probably to a milder 
extent. 

Titanium, molybdenum, columbium, 
tungsten and vanadium all have a 
tendency to increase the formation of 
the Delta-Ferrite structure. which oc- 
curs when the stainless steel is heated 
over 2400 deg. F.—an important fac- 
tor in welding. Manganese, above 
nominal amounts, improves weldability 
and ease of forming. Copper im- 
proves resistance to brines and other 
chlorides. 
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DRAFTING ROOM PRACTICES 


II— Simplified Procedure and Mechanical Aids 


H. J. DELCHAMPS 


Specifications Engineer, Bell Telephone Laboratories 


Short-cuts in drafting and reproduction. 


Recommendations 


on lighting, space requirements and mechanical devices as 


further aids to economy 


ELATIVELY — small _ short-cuts 
R and simplification often produce 

economies that are well worth 
while when multiplied by a large num- 
ber of drawings. The dotted line, for 
instance, is a time-waster which ap- 
parently has to be continued in the 
scheme of things. However, there are 
ways of decreasing the use of the 
dotted line, and when this can be done 
in a large number of cases there is an 
obvious saving. For instance, the use 
of dotted lines may be decreased or 
even eliminated in showing the impor- 
tant features of an assembly under 
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Fig. 3—Time-saving indications for minor 
details speed production 


cover. By the simple expedient of re- 
moving the cover entirely, or cutting 
it away so that only a small portion 
remains for purposes of identification, 
the required interior features may be 
drawn in full lines, thus saving much 
drafting time. 

Where simple details, such as screws, 
nuts, washers, and some types of in- 
sulators are specified, detail drawings 
are unnecessary. A word description 
will suffice. Where screws are shown, 
threads may be simplified as indicated 
in Fig. 3. Commercial nuts are cham- 
fered on top; hence, where such nuts 
are shown, it is unnecessary to show 


the chamfer. In indicating thickness of 
thin parts or width of screw head slots, 
similar savings may be made by use 
of a single heavy line to replace the 
two light lines which were once well 
entrenched in standard drafting prac- 
tice. Pointer lines identifying parts 
of an assembly, or indicating required 
operations, should obviously be reduced 
to their simplest form. Fig. 3 shows 
how needless motions have been elimi- 
nated from this rather simple drawing 
operation. 

A considerable amount of repetition 
may be avoided on drawings by the 
simple expedient of showing one fea- 
ture completely and _ positioning all 
identical features without actually pic- 
turing them. For instance, identical 
terminals on an assembly may be in- 
dicated merely by center lines. On 
layouts of holes to be drilled in a 
panel for the purpose of mounting ap- 
paratus, there is little need actually 
to draw the holes. Small crosses in- 
dicating the hole centers with a refer- 
ence to a standardized drilling infor- 
mation-drawing will serve the purpose 
quite as well. 

Symbols for many ordinary parts in 
schematic diagrams are subject to 
much simplification without detracting 
appreciably from the clearness of their 
meanings. As an example, the general 
practice has been to indicate a coil 
symbolically by means of a lengthy 
succession of loops. Three loops will 
do quite as well as six or seven. Or, 
if desired, two end loops connected by 
a dotted line, as indicated in Fig. 4, 
may be used. 


Airline or Wireless Diagrams 


Wiring diagrams, particularly for 
intricately wired apparatus, consume 
much drafting effort, and steps which 
have been made in recent years towards 
eliminating some of this effort have 


taken two forms: the “airline” or 
66.8 ” ‘“ ” ss 
wireless,” and the “tabular” wiring 
diagrams. 


In the “airline” or “wireless” forms, 


the connections to be made are indi- 
cated by numbers close to the appara- 
tus terminals, eliminating the necessity 
for running numerous, lengthy lines 
on large drawings to indicate wires 
running from point to point. Fig. 5 
illustrates such a diagram. As an ex- 
ample of how this diagram may be 
read, suppose we select the wire run- 
ning from terminal 4 of apparatus unit 
33. This wire has red colored insula- 
tion, as indication by the color desig- 
nation “RD.” The number appearing 
at the end of this wire is 26. If we 
examine apparatus unit 26, we find a 
wire with red colored insulation run- 
ning from apparatus unit 33. The 
other characters appearing over this 
wire, both at apparatus unit 33 and 
at apparatus unit 26, indicate the cable 
number and the wire designation. The 
wire designation enables one to deter- 
mine, from the tabulation at the bot- 
tom, the size of wire that is to be used 
for each connection 


Tabulated Wiring 


In the tabular form, as the name 
indicates, the information for wiring is 
presented as a tabulation. A small dia- 
gram showing the apparatus in block 
form and with all terminals numbered 
is the only drawing involved. Such a 
wiring diagram is about 95 per cent 
typewritten. This represents a marked 
saving in drawing effort and, hence, 
a considerable saving in cost. In con- 
nection with wired apparatus, there 
are many places where wires must still 
be shown by means of lines. In such 
cases, some slight economy may be 
made by discarding the jumper wire- 


Fig. 4—Simplication of symbols increases 
drafting efficiency without detracting 
from clearness 
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crossing symbol and simply using 
straight lines to indicate the wires. 


Bulletin Drawings 


One drawing problem which many 
industrial organizations have to face 
is the matter of supplying, for different 
purposes, drawings of a single piece 
of apparatus. For instance, a sche- 
matic prepared primarily for engi- 
neering and manufacturing purposes 
may contain information which is not 
entirely for the schematic, but is 
required in the instruction bulletin 
for the operators of the apparatus. 
Moreover, it may be necessary to 
include, on the instruction bulletin 
drawing, information which is of no 
interest to the Engineering and Man- 
ufacturing Departments. In such a 
case, the drawing is completed to the 
point where it contains only informa- 
tion for all purposes. A photographic 
reproduction is then made and com- 
pleted as the engineering and manu- 
facturing drawing; the original is used 
with slight modification for bulletin 
work. Fig. 6 shows two schematics 
which were started as one and sepa- 
rated, as described above, through the 
photographic process. 


Lighting 
The most effective approach to the 


lighting problem is by making provi- 
sion for adequate artificial lighting 
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throughout the drafting area regard- 
less of what the natural lighting con- 
ditions might be. Competent opinion 
as to what constitutes adequate inten- 
sity on the working plane varies from 
a minimum of 15 foot candles to sev- 
eral times this amount. The light 
should be soft and reasonably free i 
from glare. This latter requirement 
becomes particularly important where 
the higher intensities are employed. 
Although available systems capable or 
delivering the proper quality of light 
at high intensity may bring about : 
maintenance problems of frequent 
cleansing of reflectors and frequent 
painting of ceilings, the added main- 
































tenance is undoubtedly well worth 

as its cost. 
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Fig. 5—“Airline” or “Wireless” method 
eliminates complicated drafting and pro- 
vides complete electrical injormation 


work with intricate and complicated 
details, it is unhandy and therefore 
uneconomical to have their space and 
furniture equipment confined within 
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PHOTOGRAPH FOR MAKING PERSPECTIVE DRAWING 





PERSPECTIVE DRAWING 
(BLEACHED PHOTOGRAPH METHOD) 


Fig. 7—Perspective drawings muy be produced economically through photographic bleaching process 


addition to a drafting table would 
seem unnecessarily wasteful of space 
and furniture. A plan is under con- 
sideration, therefore, whereby each 
pair of design draftsmen, layout men, 
and advanced detailers will be pro- 
vided with a reference table. Such 
a table has been designed with a view 
of not only providing a flat surface 
on which drawings can be placed for 
reference without disturbing the work 
on the board, but also providing ade- 
quate storage space for _ tracings, 
prints, instruments, standards books, 
reference books, and the like. 


Photographic Tracings 


Developments in the photographic 
art have resulted in substantial econ- 
omies in drawing operations. When 
assemblies are made up of parts simi- 
lar to parts which have been used 
previously in other assemblies, it is 
often possible to obtain a new tracing 
with substantially no drawing effort. 
Negatives of existing drawings are 
cut, and desired portions are pasted 
together to form a negative of the 
new assembly. From such a patched 
negative a reproduced tracing is made 
by photographic methods. Similarly, 
of course, reproduced tracings may 
be made from patched original draw- 
ings or tracings. Another use of 
photographically reproduced tracings 
which has resulted in substantial econ- 
amies occurs when tracings are re- 
quired by factories or plants in widely 
separated localities. A similar condi- 
tion arises in dealing with customers 
who require tracings of their equip- 
ment instead of blue prints. 


Drawings from Bleached 
Photographs 


Photographs are very useful when 
perspective drawings of apparatus are 
required. The apparatus is _photo- 


graphed and the picture is then out- 
lined directly on the photograph in 
ink. The photograph is then bleached 
so that only the ink outline remains. 
This method can be used, of course, 
only in cases where apparatus is al- 
ready available for photographing. It 
often happens, however, that a fairly 
good model is available prior to the 
initiation of regular production. From 
the photograph of such a model the 
outline drawing can usually be made 
through the introduction of some slight 
modifications Fig. 7 shows a_ photo- 
graph and a perspective drawing pro- 
duced from the picture by the bleached 
photograph metood. 


Helpful Devices 


Electrically operated erasing ma- 
chines and tracing tables with glass 
tops, lighted from below, are two of 
the many contrivances now employed 
in the interest of economy. Lettering 
guides and symbol guides are becom- 
ing more and more generally used. 
The use of such guides makes it prac- 
ticable to produce lettering of improved 
appearance in less time with less ex- 
perienced help. Guides for drawing 
standardized symbols produce like et- 
fects and, where large numbers of 
symbols are required, the savings are 
well worth while. Guides for drawing 
circles and hexagons of often-used sizes 
are also very convenient and _ time- 
saving. Printer’s type is often very 
useful, particularly in chart work where 
few copies are required. 


Pencil Drawings 


General adoption of pencil drawings 
on transparent paper by the Bell Tele- 
phone Laboratories has resulted in an 
estimated saving of approximately one- 
third the former effort required to pro- 
duce drawings. In addition to the 
time saved in making the actual draw- 


ings, other savings are realized through 
this method. An important one is the 
ease with which changes may be made. 
Also, there is the matter of typewritten 
notes on drawings. With inked trac- 
ings on tracing cloth, all lettering had 
to be done by hand because typewrit- 
ten letters on cloth were unsatisfactory 
both in appearance and in legibility. 
On pencil-on-paper drawings it is en- 
tirely satisfactory from every stand- 
point to produce the notes and some 
of the other lettering by means of a 
special typewriter or varityper directly 
on the original drawing. 

Some customers who require finished 
tracings instead of prints also require 
that such tracings be on cloth. Repro- 
duced tracings on cloth have been 
made for such customers by applying 
the photographic method to the origi- 
nal pencil drawings made on trans- 
parent paper. Such reproduced trac- 
ings have proven entirely satisfactory. 
Through proper choice of photographic 
developer, paper, and exposure time, 
it is practicable to produce substantial 
amplification of contrast. Thus, with- 
out the optical regeneration resulting 
from improved photographic methods, 
the pencil-on-paper drawing process 
would have lost some of its value. 


In working toward better and more 
economical production of drawings, 
Bell Telephone Laboratories and the 
Beli System’s manufacturing organiza- 
tion, the Western Electric Company, 
have obtainéd from other companies 
with similar problems the finest type 
of cooperation. It would be very dif- 
ficult, if not impracticable, to assign 
to the many individuals within the Sys- 
tem, and to others, the credit for the 
improvements which are _ reviewed 
herein. Such progress as has been 
made must be largely credited to the 
discussion and exchange of experiences 
of interested groups working together 


in this field. 
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PHOTOTUBE APPLICATIONS 


RALPH A. POWERS, 


HE following _ listing 


the phototube. Several 


tions appear in more than one group. 
For example, “Calipering steel balls” 


indicates 
the wide field of application for 


applica- 


appears under “Gaseous 
and under “More sensitive light relays.” 
The latter system of measurement with 
beam of light for calipering balls and 
other objects is being used by some 


tube units” 


ing the 


manufacturers ; 
steel halls by mechanical contact, hav- 


Vice President and General Manager, Electronic Control Corporation 


while others caliper 


calipering stylus cause the dis 


charge of a gaseous tube, thus avoiding 
undue pressure on the object. 





Standard Light Relay 


Because many manufacturers 
produce the conventional photo 
tube, one stage of amplification, 
and telephone or other sensitive 
type of relay, this unit is usu- 
ally referred to as the standard 
light relay. Some of these 
standard light relays have a 
fairly sturdy relay in the plate 
circuit of the single stage of 
amplification. 

Production lines (motors, auto- 
mobiles, radios, refrigerators) 


Traffic in tunnels, on bridges— | 


Counting 
People passing, 
Counting 


or 


Animals, livestock in stock-yard | 


pens—Counting 


Recording beats of master clock | 


Printing and engraving—Count- 
ing 

Tabulating statistics, quantities 

Control of sprays in 
painting 

Boiler-gauge level alarms 

Automatic sheet-catchers in roll- 
ing mills 


Counting of printed items on | 


cards totalizing and analyzing 
Life tests of floor material 
Weighing machines 
Reversing. rolls in steel mill 
Removal of soaking-pit covers 
Control of cut-off saws 
Furnace temperature control 
Limit switch control for motor 
travel 
Control of 
beds 
Elevator door guards 
Opening doors for trucks 
Mine ventilation door operation 


thickness of sinter 


Paper-break detection, manufac- | 


ture, presses 
Bag piling by conveyors 
Pre-selective conveyor system 
Synchronizing conveyors 
Leveling elevators 
Flagging tote pans on conveyors 
Inspection of battery-caps for 
vents 
School-room lighting 
Shop and factory lighting 
Automatic door-openers for bind- 
eries, shipping rooms 
Protection of elevator doors 


More Sensitive Light 
Relays 


The more sensitive light re- 
lays or photoelectric units as are 
used in the applications in this 
listing, are those that employ two 


entering— | 


lumber | 


or three stages of amplification 
between the photoelectric cell 
and actuating mechanism, 


noid, or employ several stages 
of amplification in balanced cir- 
cuits for operation of meters. 
Measuring lamp candlepower 
Timing races 





| Integrating irregular areas by 

| measuring light transmitted 
Astronomical measurements 

| Color measurement 
Turbidity measurement 

| Projectile velocities 

| Calipering steel balls 

| Counting of printed items on 


cards, totalizing and analyzing 
Life tests of floor material 
Automatic inspection of razor 
blades 
Weighing machines 


Measuring transmission of glass, 


goggles 
Measuring luster in textiles 
Control of cut-off saws 
Furnace temperature control 


travel 

Control of 
beds 

| Flue gas control 

Indicators in smoke stacks 

Detecting cracks and flaws 

| Metal flotation control 

Photographic printing exposure 

Package machine register con- 
trol 

Safety protection of machines 

Analysis of card records 

Alarm for smoke, water hardness 

Automatic weighing of batches 

Automatic folding, registering 

Automatic titration 

Inspection of battery-caps 
vents 

| Pulp control in paper mill 

| Control of enamel thickness of 
wires 

| Grading cigars 

Detecting missing labels 

Inspecting tin plate 

Color comparison 

Adjusting auto headlights 

| Sorting checks and bills 

Matching false teeth 

Camera shutter tests 

Curve plotter 

Blood analysis 

Titration of chemicals 

Measuring viscosity 

Measuring film density 

Temperature control 

Testing oils 

Measuring total light flux 

Indicating wind velocity 

Color matchers 


of 


thickness 


for 





whether it be a relay or a sole- | 


sinter | 


Indicating shaft rotation 

Shop and factory lighting 

Detecting flash-overs on 
converters 

Controlling street-lighting circuits 

Control of register on web 
presses 

Accurate cutoffs for labels, bags 

Adjusting density of printing 

Counting of sheets and forms in 
binderies 

Matching the colors of inks and 
papers 

Controlling uniformity of color 
during printing runs 

| Safety devices around presses 

Mailing list analyzers and sorters 
Protection of punch presses and 
other dangerous machines 

| Fire alarms, smoke alarms 

Control of level in tanks 
bins 

Turbidity control in water sys- 
tems 

Automatic control of heat-treat- 
ing 

| Metal-tube inspection 


rotary 


and 


Limit switch control for motor 


Gaseous Tube Units 


Photoelectrically operated gas- 
eous tubes and also gaseous 
tubes in trigger circuits closed 
| by mechanical contact are used 
in the applications listed in this 
| group. These gaseous tubes 
are used for off and on con- 
|trol of higher currents, and 
are commonly used for weld- 
|ing timers and other asso 
| ciated equipment where me- 
| chanical contactors for handling 
| the desired current do not oper- 
| ate with sufficient speed. 
Calipering steel ‘balls ~< 
Automatic inspection of razor 

blades 
| High-speed counting 
Voltage regulation 
Wire drawing control 
Gyroscope stabilization 
Thickness of rubber sheet con- 

trol 
Controlling wind indicators from 
pilot-vanes 
Calipering small parts 
Detecting flaws in products 
Rejection of non-sharp 
blades 
Camera shutter tests 
Impact meter 
Micrometers 
Continuous calipering 
| Regulating watch and clocks 
| Impulse counter 
| Pyrometers, remote 


razor 





Testing oils 

Master-clock control 

Remote indicating meters 
Indicating shaft rotation 
Automatic flasher 
Synchronizing power circuits 
Telemetering 

Circuit breakers 

| Vacuum tube commutator 

| Speed control on fast presses 
Control of accurate trimming 
Seo stops for presses 





Monitoring oil-burner pilot flame, 
to operate safety valve 

Turbidity control in water sys- 
tems 

Metal-tube inspection 

Synchronizing of two conveyors 





| Vacuum Tube Units 


In this class of applications, 
vacuum tubes commonly asso- 
ciated with radio receivers are 
used to amplify variations in 
| electrical current produced by 
microphones, to amplify varia- 
tions produced in oscillating cir- 
cuits, and to produce high fre- 
quency oscillators for diathermy 
and other closely associated oper- 
ations 
Noise surveys 
Vibration measurement 
Comparing auto tire noises 
Motor speed control 
Testing welds 
Detecting cracks and flaws 
Controlling wind indicators from 

pilot-vanes 
Protection to meters 
Pressure indicator 
Vacuum tube wattmeters 
| Counting electrons 
| Regulating watch and clocks 
Impulse counter 
Criminal detection 
Titration of chemicals 
Remote indicating meters 
“Radio Knife” 

Artificial fever machines 

Heartbeat amplifier 

Automatic voltage control 

Lightning arresters 

Frequency indicators 

Operating d.c. motors from a.c. 
source 

Adjusting density of printing 

| Control of paper thickness and 

| moisture during manufacture 

| Detecting and correcting press 

| vibrations 

Alarms against 
| trespassers 
Control of acidity, alkalinity 
Sterilizing foods 








burglars and 
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TYPES OF AUTOMATIC TIMERS 
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Thermal, Mechanical and Electronic Meth- 
ods for Automatic Timing of Industrial 
Machinery, Welding Operations and Motor 


Control Devices 


GILBERT SMILEY 


Chief Engineer, General Control Co. 


Fic. 1—Dashpot principle. Simplest form consists of 
a piston or plunger operating in oil, mercury, or air. 
Adjustable small orifices or bleeders provide time adjust- 
ment. A by-pass may be provided near the end of the 
piston travel for snap action closing of the contact. 
Widely used because of its simplicity and low cost. When 
air is used, changing clearances due to dust, gumming 
of lubricant, and leakage affect the timing. If oil is 
used, the temperature will change oil viscosity and 
affect the timing. Also subject to error because of 
clearance changes from wear. 


Fic. 2—Inertia mechanism. Time-delay is by virtue of 
the inertia of two weights mounted on a pivoted arm, 
and the length of arc to be traversed before mechanical 
contact is made. Tilted by gravity, this device gives a 
relatively short interval and becomes clumsy for long 
time intervals. 


Fic. 3—Contactor works on back pressure from the 
main cylinder on the welder, assuring pressure between 
the welding points before the welding contactor closes. 
When the back pressure has built up to a predetermined 
value, the plunger moves upward at a definite rate of 
speed and the hardened cam closes the main contacts. 
After a predetermined time, the cam moves by the roller 
that it engages and the main contacts open. One adjust- 
ment sets the back pressure at which the contactor 
plunger starts to move, and therefore determines the lag 
in applying the current after pressure has been applied. 
A second adjustment changes the needle valve opening to 
the contactor air cylinder and thus times the upstroke. 
This determines the welding time. A third adjustment 
varies the time of the down stroke and is of importance 
only when used with a repeater. 


Fic. 4—Thermal relays. Inexpensive time-delay util- 
izing the effect of a heating coil around a bimetallic 
strip. Least accurate device. Has a slow make and 
break action. For longer time intervals, a copper block 
may be mounted to absorb some of the heat; the larger 
the block of copper the longer the time interval. Time 
intervals ranging from 1% sec. to 5-10 min. are possible 
with this device. 


Fic. 5—Magnetic time-delay, used on direct current only. 
Relatively inexpensive, effects time-delays up to 10 sec. 
by means of residual magnetism. Magnet may be copper 
jacketed, or may have copper rings, or may have short- 
circuited turns around the magnet. Variation in the 
amount of copper, or in the resistance of short-circuited 
turns will affect the time-delay. 
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Fic. 6—Magnetic drag time-delay. A small electro-mag- 
net is used, and the motion of the relay plunger is made 
to revolve a metal disk in the field of the magnet. The 
rotation of the disk is retarded by magnetic induction. 
Reliable device, trouble free, but relatively expensive. 


Fic. 7—Vacuum tube. Condenser charged or discharged 
through a resistor closes a relay after definite time, using 
direct current. When switch is open, the condenser 
discharges slowly through shunt resistor. This lowers 
the negative potential on the grid, and at the critical 
value the plate current will rise enough to operate the 
relay. Full line voltage may be applied to the condenser 
to obtain longer time delay. See article beginning on 
page 132 of this number. 


Fic. 8—In this circuit, operation is maintained for a 
pre-determined time after the starting impulse has 
stopped. When the button has been pressed, the filament 
gets current in series with relay winding No. 1, and the 
relay pulls up, locking in the circuit. The second con- 
tact charges the condenser negative, and no plate current 
flows. When button is released, the relay stays closed 
until condenser discharges. Then the plate current 
flows through the second relay winding in opposition to 
the first, releasing the armature. Applicable to direct 
cirrent or rectified alternating current only. 


Fic. 9—In the Westinghouse electronic relay there is no 
temperature error, reset is instantaneous, adjustment is 
easy and first cost is low. When the switch is closed. 
the tube passes current. As the current increases, the 
increasing IR drop from the potentiometer causes a 
charging current through condenser. The IR drop across 
the resistor due to this current applies the negative bias 
to the grid. Plate current cannot build up very rapidiy. 
because the faster it increases the more negative the grid 
becomes. After a time period, adjustable through poten- 
tiometer, the plate current will operate relay. The time- 
delay is proportional to the product of resistance and 
capacitance. Long delays require large resistors, and 
short delays correspondingly small resistors. Maximum 
time-delay with this device is about 3 min. About 0.05 
sec. is the minimum. 
e 


Various mechanical devices have been adapted to 
replace the dashpot: one uses an escapement pendulum 
similar to those for clocks. Time is varied by changing 
the length of the pendulum. Mechanical clocks may be 
used, driving a cam or traveller, or tilting a mercury 
switch, or any type of make and break mechanism. 

Motor-driven timers are used where long time intervals 
are required and where starting is infrequent. Generallv 
a small pilot motor drives a contact cylinder through 
reduction gearing. For motor-driven timing devices a 
synchronos motor is generally used. driving through 
gearing. These motors offer timing intervals from 1 sec. 
to infinity. A non-synchronous direct current shunt or 
an a.c. induction motor of the capacitor type may also 
be used to drive a timer, since these motors maintain 
approximately constant speed. However. the accuracy of 
this type of timing is variable. 


Electronic time-delay devices for leng time intervals 
are expensive. Circuits employing thermionic tubes will 
give a time-delay of more than 30 min. by the use of 
carbon resistors. Condensers and resistors vary with use. 
humidity and temperature. and adjustable resistors do 
not always hold their characteristics. 
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Question and Commen 





Space limitations did not permit us 
te publish all of the reports received 
on engineering activities during depres- 
sion. We are, therefore, taking this 
opportunity of presenting two more of 
the striking letters received from com- 
pany officials on the question of engi- 
neering design activities during periods 
of slack business. The chief engineer 
of a medium-sized machinery manufac- 
turer writes: 

“During the period of 1930 to 1933 
we did a great deal of work on design- 
ing new types of machines, but almost 
all of them were for special orders. 
Also, prior to that time, from 1925 
through 1929, we brought out several 
new types of woodworking machinery 
which can be partially attributed to the 
shift from open to closed automobile 
bodies which required more _ than 
doubling the number of wood parts in 
each body. But since that time the 
use of wood has been practically elimi- 
nated in automobile bodies so that the 
demand for woodworking machinery in 
that field has fallen off to practically 
nothing. 

“At the present time we have reduced 
our force in the engineering depart- 
ment from a peak of 52 men early in 
1936 to about 34 men. But this has 
been largely brought about through our 
increased sales of automatic machines 
of a more or less standard type and 
fewer machines of special design. 

“As a general rule we carry our de- 
velopment work along regardless of 
general business conditions. When we 
do have a slack, such as we are experi- 
encing now, we use some of our engi- 
neers for designing special jigs and 
fixtures for the manufacture of our 
standard articles in order to keep our 
engineering organization intact.” 


Albert Palmer, assistant to the gen- 
eral manager of Crompton & Knowles 
Loom Works sent in an extremely inter- 
esting account of the activities in the 
textile field in general and in his own 
company in particular. He writes: 


“In the textile machinery business, at 
least as far as weaving machinery is 
concerned, I think that the situation has 
been somewhat different from that in 
other capital goods industries, because 





More on New-Products Programs 


the years from 1926 to 1929 were not 
active years. The textile industry 
reached the peak of its expansion during 
the period of 1923 to 1925. Accord- 
ingly, beginning with 1926 there was a 
serious drop in the amount of new 
weaving machinery business. The looms 
that were sold were primarily for re- 
placement purposes or for use on new 
types of fabric such as rayon, which was 
just beginning to appear. 

“Our efforts in the direction of com- 
pletely redesigning our machines started 
in 1927 and have continued at an in- 
tensive pace ever since. As you know. 
the first work that we did was on cotton 
looms. Then we concentrated on rayon 
looms and shortly after starting that 
work, took up the same sort of develop- 
ment activities in the worsted and 
woolen fields. We then went back to 
the cotton section of the industry and 
remodeled our machinery for that sort 
of weaving a second time. If it had 
not been for these activities and similar 
work on various special types of looms 
for the textile industry, we believe that 
very few looms would have been sold by 
us after 1938. 

“The present state of business has had 
no effect upon our development pro- 
gram, except possibly to cause greater 
activity in that direction. So far we 
have not laid off any engineers but are 
using them as far as possible on new 
work.” 

Some of the readers of Product Engi- 
neering will recollect the article which 
appeared in the March 1930 number, 
written by Mr. Albert Palmer and de- 
scribing the results of the product de- 
velopment activities of his company as 
reflected in the design of their “Cotton 
King” loom. 


The vice-president in charge of engi- 
neering of a large machine tool com- 
pany writes: 


“The machine tool industry as a whole 
developed many new machines during 
the last main depression. The present 
business recession is not old enough 
for much new development to have 
been started and, coming very closely 
on the heels of the main depression, it 
is not likely to produce a proportionate 
number of new developments. 





“During the depression years of 1930- 
33 our company developed a new line 
of horizontal boring, drilling and mill- 
ing machines in the four-inch, _five- 
inch, six-inch sizes. We developed 
many improvements in our line of ver- 
tical boring mills. We also developed 
and expanded our line of tool and drill 
grinding machines. During this same 
period we brought out numerous im- 
provements on planers. The work of 
the years 1930-33 was of much greater 
importance than developments in the 
years 1926-29. 

“Development programs in our busi- 
ness are usually in the background at 
all times. We cannot say, however, that 
in this recession we have started an ex- 
tensive program on development. Our 
program for awhile will extend more to 
refinement of machines already devel- 
oped and our plans will be laid for the 
future.” 


An official of the Cleveland Tractor 
Company reviews the Product Develop- 
ment program of that concern during 
the depression years, stating: 


“Probably the outstanding develop- 
ment made by the Cleveland Tractor 
Company during the depression years of 
1930-33 was the development that led to 
our use of electric starting in connection 
with diesel engines. The conventional 
method of starting the diesel is with a 
gasoline auxiliary engine, while we do 
it with batteries and electric starting 
motors. To get a Cletrac started again 
means just the pressing of a button. 
Experienced operators have demon- 
strated that this often means as much 
as two days additional work in 30. 

“During these same three years we 
also did considerable experimental work 
in improving the side frames of our 
tractors and the lower track wheels, with 
the result that today we have a line of 
tractors which we believe are second to 
none in the industry. 

“I believe it could be honestly said 
that even in the present state of busi- 
ness the Cleveland Tractor Company has 
not curtailed its design developments. 
As a matter of fact, it is moving for- 
ward with greater speed and intensity 
than before. 

“Late in 1937 we went into produc- 
tion on the first small diesel tractor 
a model of 28 hp. on the drawbar, about 
20 per cent smaller than any other diesel 
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iractor on the market at that time. We 
also brought out three new agricultural 
models. At the present time, we are 
also at work on the redesigning and 
streamlining of our largest models. 
“The statement that decreased busi- 
ness permits an engineering department 
to give more time and undivided atten- 
tion to the development of new and 
greatly improved products does not ap- 
ply to our case for the reason that we 
have more or less a regular staff which 
devotes its entire time to the working 
out of new things, and they do not 
have any more time for other purposes 
than they had eight months ago.” 


Castings in Design 


To the Editor: 


Well, at long last somebody has 
stepped up to bat and spoken his piece 
about castings in design. I am referring 
to the article that began on page 19 of 
your January number. There is no 
dearth of articles on welding and in my 
opinion most of them are too one-sided. 

Now comes some lad with sense 
enough to realize that there are other 
ways of doing things and can express 
himself right well about them. More 
power to him and as a matter of fact I 
would like to know who he is.—R.V.H. 

Lansing, Mich. 


| Editor’s Note—Naturally we appre- 
ciate the complimentary remarks con- 
cerning the article “Castings in Design” 
but we regret that we are obligated not 
to reveal the name of the author. One 
can readily understand that he being 
connected with a steel company that 
manufactures both structural steel and 
castings, he might possibly place some 
of the sales engineers of that company 
in an embarrassing position should his 
name and company connection be re- 
vealed. 

We wonder if R.V.H. had read the 
articles on welded design by E. J. 
Charlton of Lukenweld which appeared 
in our July and August numbers. We 
wish to remark that Mr. Charlton in- 
cluded castings in his articles. | 


Minimum Angle for 
Ease of Assembly 


To the Editor: 


In order to make provision for the 
easy assembly and removal of two 
freely revolving pinions on the same 
shaft meshing with a keyed gear which 
cannot be raised or lowered, I have been 
faced with the problem of determining 
the minimum angle @ at which the pin- 
ions and shaft can be removed. 

Pinions Nos. 1 and 2, rigidly mounted 
on the same shaft, are free to revolve. 
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Shaft with pinions No. 1 and 2 can be 
lifted vertically only when © is greater 
than a limiting value. 


Gear No. 3 is keyed to the shaft but the 
arrangement is such that they cannot be 
raised or lowered. The shaft with pin- 
ions Nos. 1 and 2 cannot be lifted verti- 
cally due to design limitations. The 
problem, then, is to determine the mini- 
mum angle @ at which the shaft and pin- 
ions can be removed. The shaft is not 
split. 

I would appreciate a solution of this 
problem by your readers. The method 
of solution should, if possible, be appli- 
cable to any number of teeth in gear and 
pinion, as well as any pitch, and apply 
to a standard B&S 141% deg. involute 
tooth profile. —L. R. Russet 

Milwaukee, Wis. 


How to Resistance-Weld 
High Carbon Steel 


To the Editor: 

How can the ends of high carbon steel 
wire be resistance-welded together so 
that the wire can be subsequently drawn 
through dies? —T. T. R. 

Arlington, N. J. 
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To the Editor: 


In butt welding high carbon steel wire, 
it is necessary to anneal the weld care- 
fully immediately after it has been made, 
in order to obtain proper characteristics 
in the steel. The high carbon steel has 
been heated to molten temperatures and 
then quickly cooled, which is similar to 
quenching. This results in a very brittle 
structure which must be carefully an- 
nealed in order to restore the proper 
grain structure in the steel. 

With some machines this annealing 
operation is obtained before the rod is 
removed from the machine by applying 
a lesser current for a longer period, and 
heating a large portion of the wire to a 
suitable temperature for annealing. 
Since these temperatures depend not 
only upon the analysis of the steel wire, 
but also upon the characteristics of the 
welding machine, or the method avail- 
able for annealing, I cannot give defi- 
nite figures, but I think T.T.R. will have 
no difficulty in determining what these 
values are. 

It may be possible to obtain from the 
manufacturer of your welding machine 
scme data on how the annealing may be 
accomplished with your particular ma- 
chine, since the manufacturer has un- 
doubtedly made arrangements for such a 
procedure on similar machines. 

High carbon steel has been success- 
fully spot welded in some processes, but, 
in each case, in order to obtain desirable 
characteristics in the welded metal, cor- 
rect annealing is necessary—usually im- 
mediately after the welding operation. 

—L. H. Frost 
Welding Engineer 
Electric Controller & Mfg. Company 





Can You Work This One? 


H. E. SMITH 


This Month’s Problem— 


Tank Problem 


A tank can be filled by one pipe and 
emptied by another. If, when the tank 
is half-full of water, both pipes are 
opened, the tank will empty in 12 hours. 
If the pipes are made smaller so that it 
will take one pipe one hour longer to 
fill the tank and the other one hour 
longer to empty it, the tank, when half- 
full of water, can then be emptied in 
1534 hours. In what time will the empty 
tank be filled by the one pipe, and the 
full tank emptied by the other? 


Solution to Last Month’s Problem— 


Two Balls in a Corner 


Let A be the center of 12 in. ball, B 
point at which two balls touch. C be cen- 


ter of smaller ball, and O the corner of 
room. Then X = radius of small ball 
and Y = distance from point of tangency 
to floor. 


Since AO = 6V3_ 
OB = 6V¥3—6 =6(V3—1 
6:6 V¥3::Y6(v3—1 
or Y = 6 V3—1 
V3 


Also Y:6 (v3 — we eet 


But OC = (6(V3—1) — X] 

(vs —D) = 

oT: 6(V8— 1) 2: XK: 
(6 (V3 — 1) — x] 


or X = 1.6+ in. 
3.2+ in. 


radius of small ball 
diameter of small ball 













































































New Mat 





Belt Tightening Motor 


A resilient mounted motor designed 
for belt tightening with over-drive belts 
such as are used for driving furnace 
blowers where the belt must pull on the 
top side of pulley so the air will be 
driven into the bottom of the furnace. 
The motor is supported above and off 
the shaft center so its own weight pro- 





vides the initial belt tightening effect. 
This is increased proportionally to the 
load by the reaction of the rotor to the 
stator causing the motor to swing away 
from its load and so tighten the belt the 
proper amount. A belt tightener with- 
out springs for under-drive belts such as 
are usually employed for driving pumps 
and compressors is available. The Ohio 
Electric Mfg. Co., 5911 Maurice Ave.. 
Cleveland, Ohio. 


Multi-Stage Diaphragm 


A new device consisting of a number 
of super-imposed diaphragms _intercon- 
nected so that each diaphragm expands 
the same amount when subjected to in- 
ternal pressure, the expansion being ad- 
dative. The diaphragms are made of 
any material suitable for the particular 
application, including a wide range of 




































erials and Parts 


steel and non-ferrous alloys. The pres- 
sure medium may be liquid or air. By 
virtue of the multi-stage construction 
the diaphragm unit can develop anything 
from a few pounds to many tons of total 
pressure with a total expansion range 
from 0.002 to 6 in. Fatigue life may be 
as high as two million oscillations. Pulsa- 
tions may be up to 100 per minute. 
Originally designed for automotive ap- 
plications, these units are in use for 
operating automotive truck brakes. Lin- 


derman Devices. Inc., New York, N. Y. 


Rotary Pump 


A new Rollway positive displacement, 
high vecuum, rotary pump designed for 
lubricating bearings, gears, multiple 
spindle drill heads and similar units. It 
delivers liquid immediately after rota- 
tion is started and it is claimed to hold 
its prime indefinitely. Stopping or re- 


versing the machine has no effect on 
pump operation. 


All moving parts are 





made of hardened steel and ground to 
close tolerances. No gland is needed 
because the driving gear is inside the 
machine. The unit may be mounted on 
any flat surface of the machine assembly. 
Pioneer Engineering & Mfg. Co., 31 
Melbourne Ave., Detroit, Mich. 


New.Monel Sheet 


Containing the same composition of 
two-thirds nickel and one-third copper 
as the standard No. 8 sheet, but differ- 
ing chiefly in finish and temper. No. 35 
Monel is harder in temper and has a 
higher resistance to abrasion and wear. 
The new finish, made possible by the 





installation of new equipment designed 
especially for Monel, is claimed to be 
entirely uniform. Despite its increased 
hardness the sheet can be readily fab- 
ricated. The International Nickel Co.. 


Inc., 67 Wall St.. New York, N. Y. 


Interchangeable Precision 
Limit Switch 


Adaptable for unusual applications in 
automatic machine tool work or wherever 
precise limits of motion must be main- 
tained. The snap point of the switch 
is held in close tolerance relation to 
dowel holes in the mounting plate to 





eliminate adjusting actuating parts. The 
switch element is the standard Micro 
switch rated at 4% hp. up to 460 volts 
a.c. The switch is sealed into a rugged 
steel case and is actuated by a plunger. 
sealed against the entrance of normal 
oil and water. The plunger has a total 
travel of 44 in. but the switch is ac- 
tuated by a movement of only 0.001 in. 
Unit is 234x1,%x}% in. Micro Switch 
Corp.. Freeport, Ill. 


Heavy-Duty Pushbutton 


A line of entirely self-contained push- 
buttons for a.c. and d.c. heavy-duty con- 
trol circuits, known as Type HD. Avail- 
able in eight different units, including 
lamp receptacle and_ rotary selector 
switches, which may be grouped together 
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in desired combinations as required. All 
units have interchangeable mounting 
dimensions. The cases are heavy drawn 
steel with black baked enamel finish and 
etched chromium-plated legend plates. 
Available for mounting on panels or for 
mounting as built-in controls in a recess 
in the machine. In either type, the cover 
is recessed so that the pushbuttons are 
effectively shrouded against accidental 
operation. Safety latch for padlocking 
can be furnished. Also indicating lamps. 
Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 


Two or Three-Step Control 


Temperature control equipped with 
two snap action switches instead of one, 
the additional switch making it possible 
to secure a two- or three-step control. 
Each switch has its own adjusting screw 





in addition to which there is a main ad- 
justing lever for setting the instrument to 
the desired operating temperature. Either 
or both switches may be normally open 
or normally closed or may be connected 
as a single pole, double throw in a three 
wire circuit. Complete with BX cable and 
terminal plate with 4% in. O.D. tubes up 
to 2134 in. long, or 34 in O.D. tubes in 
standardized lengths. Switches are rated 
10 amp., 110 volts a.c.; 5 amp., 220 volts 
a.c.; or 3 amp., 440 volts a.c. Burling In- 
strument Co.,. Dept. D, 241 Springfield 
Ave., Newark, N. J. 


Vibration Insulators 


A new addition to their Vibro-insulator 
line of rubber-to-metal mountings, known 
as the Type 30. Made of a rubber com- 
pound having exceptionally low perma- 
nent set, the rubber and metal parts 
being bonded together by a_ special 
process. The Type 30 insulator is de- 
signed to carry loads either in shear or 
compression. Used as a shear mounting, 
each mounting will carry a load of 30 
lb.; when loaded in compression each 
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unit will carry a load of 120 |b. In 
either case deflection is *g in., providing 
for a minimum machine frequency of 
925 per min. These insulators are es- 
pecially designed as compression mount- 
ings for air compressors and refrigerat- 
ing units. The B. F. Goodrich Co., 950 
Rubber St., Akron, Ohio. 


Double Worm Gear Reducers 


Three new sizes of double-type worm 
gear reducers with a range of speed 
ratios from 30 to 1 to 3,600 to 1 and 
having torque capacities at slow speed 
shaft from 40 to 400 in. lb. These re- 
ducers consist of two bronze worm gears 
and steel worms mounted on Timken 
tapered roller bearings and give a light 
compact drive with high ratios. D. O. 
James Mfg. Co., 1114 W. Monroe St., 
Chicago, IIl. 


Brinell Hardness Meter 


A portable instrument which simul- 
taneously makes a ball impression in a 
reference bar and in the material to be 
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tested. A standard reference bar is sup- 
ported in contact with a standard 10 
millimeter steel Brinell ball and_ the 
assembly is then placed in position on 
the surface to be tested. The plunger 
is given a sharp blow thereby producing 
simultaneous impressions in the bar and 
surface under test. The impression di- 
ameters are then compared and by ref- 
ence to a table provided, the Brinell 
hardness is determined. Louis C. Eitzen 


Co., 280 Broadway, New York, N. Y. 


Absolute-Pressure 
Instruments 


A new line of instruments for indicat- 
ing, recording and controlling absolute 
pressure. The absolute pressure element 
consists of a flexible phosphor-bronze 
bellows to the inside of which the 
pressure medium under measurement is 
communicated. Connected with this as- 
sembly, and opposing its action, is a 
second identical metal bellows which has 
been evacuated and sealed, thus compris- 
ing an atmospheric-pressure compensator. 
Instruments are applicable to distillation 








units, evaporators, condensers, or wher- 
ever the corresponding mercury type gage 
must be used, with the exception of gases 
or vapors corrosive to the bronze bellows. 
Taylor Instrument Cos.. Rochester, N. Y. 


W ear-Resisting Metal 


A non-ferrous hard metal for wear- 
rezisting purposes, known as “Crobalt.” 
It is a cast material consisting mainly of 
cobalt, chromium and tungsten and can 
be welded or brazed onto soft or hard 
steel. It is claimed to be highly resist- 
ent to heat, abrasion and corrosion (in- 
cluding acids) and widely used as a 
cutting metal particularly in the auto- 
motive industry. Michigan Tool Co., 


Detroit, Mich. 
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New Finishing Material 


Whereas most industrial finishes dry 
either by evaporation of the solvent, as 
in pyroxylin lacquers, or dry by oxida- 
tion, which to a large extent applies to 
the synthetic resin finishes, Polymerin 
dries and hardens by the chemical reac- 
tion known as polymerization. This fin- 
ish is quick setting and is claimed to be 
extremely tough, flexible and hard, re- 
sistant to corrosion and available in any 
color with either gloss or dull finish. It 
“sets up” rapidly, is easily touched up 
and adheres to bare metals. It sprays 
freely and in many cases it can be 
dipped. The finish is treated in an 
oven, the processing time varying from 
a few minutes down to a few seconds. 
Ault & Wiborg Corp., 75 Varick St., New 
York, N. Y. 


Split Ball Bearings 


Precision ball, roller and thrust bear- 
ings that are split, the races and ball re- 
tainers being in halves. This is to per- 
mit mounting by simply clamping them 
around the journal rather than being 
required to be slid into position. This 
enables these bearings to be used _ be- 
tween flanges, between the cheeks of 
crank pins or any other location where 
it is impossible to slide the bearing into 
position. Available in all standard inch 
sizes for shaft diameters ranging from 
34 in. to 4 in. in both ball and roller 
types as radial bearings and thrust bear- 
ings. Split Ballbearing Corp., Lebanon, 
N. H. 





New Name for 
Packaging Material 


Because of overlapping fields and 
other considerations, the Celluloid Cor- 
poration of 10 E. 40th St., New York, 
N. Y., has decided to drop the name 
Protectoid for its transparent packaging 
material and give it the name Lumarith, 
the plastic from which it is made. Cellu- 
loid Corp., 10 E. 40th St., New York, 
ms Ss 





Duplex Strainers for Oil 


Known as the “Duoflo” strainer, this 
line of oil filters has been especially de- 
veloped for filtering oil for industrial oil 
burning equipment but is equally ap- 
plicable to many other applications. The 
strainers are of the duplex type with 
two strainers mounted in a cast iron 
body. Turning a plug cock, in the suc- 
tion strainer, directs the flow to the 
other strainer. The one that had been 
in use can then readily be removed and 
cleaned. The discharge type strainers 
are of the same construction except that 
they are equipped with valves instead 
of plug cocks. Suction strainers are 
available in five sizes ranging from 11% 
to 4 in., while discharge strainers are 
available in four sizes ranging from 34 





to 244 in. The flange connections are 
drilled to American Standard Specifica- 
tions. Sheffler-Gross Co., Inc., Drexel 
Bldg., Philadelphia, Pa. 


Stainless Steel with 
Flexible Backing 


A new stainless steel product called 
“Ludlite.” It is a composite product, 
consisting of a thin sheet of strong 
stainless steel, Silcrome, backed by a 
tough, non-metallic material. The back- 
ing is waterproof and flexible and by a 
special process, involving heat and pres- 
sure, the facing and backing are joined 
permanently. By means of a special 
waterproofed cement, the backing can 
easily be cemented to plaster, wood, 
fiberboard, concrete and other surfaces. 
As a light gage steel is used, Ludine 
can be cut with heavy scissors shaped 
or bent by hand and nailed, screwed or 
formed into place with comparative ease. 
The non-metallic backing serves to 
deaden sound and has insulating proper- 
ties. Moldings of stainless steel for trim 
and for covering edges and intersecting 
surfaces are also available. The Lud- 
lite is manufactured in rolls two feet 
wide and 50 or 100 ft. long, and is also 
obtainable in tiles 4 in. square. Ludlum 
Steel Co., Watervliet, N. Y. 





Manufacturers Publications 





Bearincs—Boston Gear Works, Inc., North 
Quincy, Mass. Catalog, 15 pages, 314x6 in. 
Special characteristics of their line of Oilite 
oil-precision bronze bearings with complete 
specification tables. 


FLeEx1BLE Hose—Chicago Metal Hose 
Corp., Maywood, Ill. 4-page folder, 83x11 
in. Bulletin SH-2 describes the Rex-Tube 
and Rex-Weld insulated steam hose. Bulle- 
tin RT-54 describes the Rex-Tube metal oil 
hose. 


GrapH SHEETS—Keuffel & Esser Co., Ho- 
boken, N. J. Booklet, 65 pages, 534x8%, in. 
Comprehensive information on graph sheets 
and coordinate papers and cloths, illustrat- 
ing and describing the use of typical graph 
forms. Complete information on the Keuf- 
fel & Esser line of graph sheets is included. 


Morors—Century Electric Co., St. Louis. 
Mo. Folder, Form 1066, 8x101% in. Details 
of Century automatic start induction poly- 
phase motors with accompanying pictures. 


Motors—Bodine Electric Co.. 2260 W. 
Ohio St., Chicago, Ill. Form 1020-A, 8 pages, 
8x1014 in. General descriptive information 
on the Bodine line of fractional horsepower 
motors from 1/2,000 to 1/6 hp., all types of 
windings. 


INpUstRIAL FintsH—Ault & Wiborg Corp., 
75 Varick St., New York, N. Y. Booklet, 
“The Answer Is Polymerin,” 12 pages, 9x12 
in. Describing a new industrial finish which 
dries and hardens by polymerization and 
setting forth the characteristics and advan- 
tages of this material. 


PuHILtips Screws—American Screw Co., 
Providence, R. I. Folder, 6 pages, 84x11 
in. Describing the types of screws available 
with the patented Phillips recessed head and 
setting forth their advantages. 


Screws AND Bo tts—St. Louis Screw & 
Bolt Co., St. Louis, Mo. Catalog 12, 58 pages, 
544x734 in. Tabular data covering specifica- 
tions, size, and price list on their lines of 
screws and bolts. 


Sptit Batt Bearincs—Split Ballbearing 
Corp., Lebanon, N. H. Catalog 82, 22 pages. 
84x11 in. Describing their divisible type 
ball, roller and thrust precision bearings 
wherein the races and retainers are split 
to form halves so that the bearings can be 
mounted in locations such as between col- 
lars, on crank pins or in connecting rods 
or similar applications where the bearing 
cannot be slid into position. Tables of 
standard sizes and ratings are given together 
with installation data. 
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Factors of Stress Concentration 


For Elastic Stress (k), Repeated Stress (ks), and Rupture (k, ) 


across the section of a member 

may be nominally uniform, as in 
a bar under direct tension, or may 
vary in some regular manner, as illus- 
trated by the linear distribution of stress 
in a bar under flexure. When the varia- 
tion is abrupt, so that within a very 
short distance the intensity of stress 
increases greatly, the condition is de- 
scribed as stress concentration. Such a 
condition of stress is usually due to 
local irregularities of torm: small holes, 
screw threads, scratches, and_ similar 
“stress-raisers.” There is obviously no 
hard and fast line of demarcation be- 
tween the rapid variation of stress 
brought about by a stress-raiser and 
the variation that occurs in such mem- 
bers as sharply curved beams, but in 
general the term stress concentration 
implies some form irregularity not in- 
herent in the member as such, but 
accidental (tool marks) or introduced 
for some special purpose (keyway or 
screw thread). 

Maximum intensity of elastic stress 
produced by many of the common kinds 
of stress-raisers can be ascertained 
by mathematical analysis, photo-elastic 
analysis, or direct strain measurement. 
and is usually expressed by the factor 
of stress concentration. This term may 
be defined as the ratio of the actual 
maximum stress to the nominal stress 
calculated by the appropriate formula 
as though the stress-raiser were not 
present. Its meaning may be made 
clearer by a simple example. Consider 
a straight rectangular beam, originally 
of uniform width 6 and depth d, which 
has had cut across its lower face a 
transverse V-notch of uniform depth 
D, making the net depth of the beam 
section at that point d — D. If now 
this beam be subjected to a uniform 
bending moment M, the nominal fiber 
stress s at the root of the notch may be 
calculated by the ordinary flexure 
formula s = M./I, which here reduces 
tos = M/\% b (d — D)*. But the true 
stress s’ is much greater than this. be- 
cause of the stress concentration that 
occurs at the root of the notch. The 
ratio s’/s. true stress divided by nomi- 


[J sarees the oe of elastic stress 
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nal stress, is the factor of stress con- 
centration for this particular case. It 
is denoted by k. 

Abrupt variation and high local in- 
tensity of stress produced by stress-rais- 
ers is a characteristic of elastic be- 
havior. The plastic yielding that occurs 
on over-stressing greatly mitigates stress 
concentration even in relatively brittle 
materials, causing it to have much less 
influence on breaking strength than 
might be expected from a consideration 
of the elastic stresses only. The prac- 
tical significance of stress concentration 
therefore depends on circumstances. For 
ductile metals under static loading it is 
usually (though not always) of little 
or no importance; for example, the high 
stresses that occur at the edges of 
rivet holes in structural steel members 
are safely ignored, the stress due to a 
tensile load being assumed uniform on 
the net section. For brittle materials 
under static loading. stress concentra- 
tion is often a serious matter, but its 
effect varies widely and cannot be pre- 
dicted either from the value of k or 
from the brittleness of the material. 

What may be termed the factor of 
stress concentration at rupture, or fac- 
tor of strength reduction, represents the 
significance of stress concentration for 
static loading. This factor, here de- 
noted by k,, is the ratio of the computed 
stress at rupture for the plain specimen 
to the computed stress at rupture for 
the specimen containing the stress-raiser. 
For the case of the beam described 
above. it would be the ratio of the 
modulus of rupture of the plain beam 
to that of the notched beam, the latter 
being calculated for the net section. The 
factor k, is therefore a ratio of two 
stresses, one or both of which may be 
fictitious; but it is none the less a 
measure of the strength-reducing effect 
of stress concentration. 

Stress concentration is most impor- 
tant for conditions involving fatigue. 
Even the most highly localized stresses. 
such as are produced by small surface 
scratches, may seriously lower the ap- 
parent endurance limit; but materials 
vary greatly in “notch sensitivity,” as 
susceptibility to this effect is sometimes 


called. Contrary to what might be ex- 
pected, ductility is not a criterion of im- 
munity to stress concentration in fatigue. 
steel, for instance, being much more 
susceptible than cast iron. What may 
be termed the factor of stress concen- 
tration for fatigue is a measure of 
notch sensitivity under repeated stress. 
It is the ratio of the endurance limit 
of a plain specimen to that of a speci- 
men containing a stress-raiser, the en- 
durance limit of the latter being the 
nominal stress that can be withstood 
for an indefinitely great number of 
cycles. This factor is here denoted 
by ky. 

There is evidence to show that the 
effect of stress concentration increases 
with scale, for both static and repeated 
loading. In geometrically similar speci- 
mens, the larger will indicate higher 
values for ky and (usually) for ky. 
For this reason, when giving experi- 
mentally determined values of k, and ky, 
the dimensions of the specimens tested 
are essential. 

An important fact concerning stress 
concentration is that a single isolated 
notch or hole has a worse effect than 
do a number of similar stress-raisers 
placed close together; thus a single 
V-groove reduces the strength of a part 
more than does a continuous screw 
thread of identical form. The deleteri- 
ous effect of an unavoidable stress-raiser 
can therefore sometimes be mitigated 
by juxtaposing additional form irregu- 
larities of like nature. 

In the accompanying table, values of 
k, ky and ky are given for a large vari- 
ety of form irregularities, for a number 
of different materials, and for three 
conditions of stress, namely, direct ten- 
sion, bending and torsion. The table 
represents data take from a_ large 
number of different sources which are 
indicated in the accompanying refer- 
ences. 

The values of k given in the table 
were determined by mathematical an- 
alysis. by pboto-elastic analysis, by ap- 
plication of the electrical analogy, or 
by direct strain measurement. They 
apply to elastic stress only. and may 
be regarded as an upper limit, some- 
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times approached but rarely equaled by 
either ky; or ky. 


All values of k, and k; were, of 
course, determined by experiment. It 
will be noted that among the mate- 


rials used in determining k,, plaster 
was included. The tests on plaster speci- 
mens have been made for two reasons. 
First, if there were available a mate- 
rial incapable of plastic action, the 
stress-strain relation for it would be 
linear up to rupture; formulas for elas- 
tic stress would therefore apply to con- 
ditions of failure, and so k, being iden- 
tical with k,, could be determined from 
simple breaking tests. Pottery plaster 
and plaster of paris have been used to 




























ascertain A in this manner. Although 
both are very brittle, they exhibit some 
plastic action before rupture, and value; 
of k based on k, for these are in most 
instances considerably than the 
values determined by the other methods 
described. 
Another 
of tests on 
values of k; 
sidered to 


less 


reason for the inclusion 
plaster, however, is that 
so obtained may be con- 
represent the maximum 
values to be expected in structural ma- 
terials, since even the most brittle cast 
metals give lower values of k, than does 
plaster. 

A study of the table will show that 
the factors k, and k; are essentially un- 


predictable. For a given material the 
relative effects of different types of stress- 
raisers are often quite different from 
what might be expected from the cor- 
responding values of k. Again, the 
effect of a given stress-raiser on the 
static or endurance strength of different 
materials cannot be predicted from 
any of the ordinary physical properties 
of that material, such as ductility. It 
would appear that no reliable criterion 
for notch-sensitivity,. under either static 
or repeated loading, is available except 
actual tests on the material in ques- 
tion and with a type of 
very closely resembling 

question. 


stress-raiser 
the one in 

























































































































TYPE OF FORM STRESS | MANNER = Oe: ; si ae a 
IRREGULARITY OR CONDL- OF FACTOR OF STRESS CONCENTRATION k, k;, kr FOR VARIOUS 
STRESS-RAISER TION LOADING DIMENSIONS 
Tension r/d 0.05 0.10 0.15 0.20 0.25 0.30 0.40 0.50 
Elastic . &443% 25 £2 20 19 8.7 1.38 Ref. 1, 4 
ae 1 0.025 0.05 0.10 0.15 0.20 0.25 0.30 0.40 0.50 
Bendin rc Vso .Uo ‘ so a 9 ) =a Z ) 
. k 3.6 23 £22 849 8.7 14 13 14 138 Ref. | 
D = je e=3 | 
a de Sane ee , Val f r/d 
Two V Norcues IN Static ; Material nee ———- ——- 
MEMBER OF Rupture Bending 0 0.075 0.15 
x SCTANGULA/ S eC" ; ae a ee Sr a 
Recrancutan Section Plaster 210 1.72 1.16 
Cast Iron 1.38 L238 Ref. 12 
Value of r/d When h/r = 1 (semicir- 
h/r - nse eal — : 7 , 
0.05 0.095 0.15 0.225 0.30 0.40 0.52 0.75 cular notch) 
7 . - ee ——e ee ae 
0.5 2.25 2.10 1.95 1.85 1.70 1.60 1.50 1.35 & = 2.75 — 2.05 . 
Tension | 1.0 2.57 2.34 2.16 1.96 1.81 1.65 1.51 1.36 ' . 
1.5 2.72 2.50 2.26 2.00 1.84 1.65 1.51 1.36 4 930( 2 \ 4+ 0.68( 
2.0 2.90 2:64 2.22 2.05 1.85 1.65 1.51 1.56 D D 
Dipl 3.0 —— 2.80 2.40 2.05 1.86 1.65 1.51 1.36 Ref. 22 
r'wo U Norcues Nn 1.0 —— 2.942.43 2.06 1.86 1.65 1.51 1.36 Ref. 6 
MEMBER OF Elastic 
RECTANGULAR SECTION Stress ; Value of r/d 
u/r am Se ee 
0.05 0.10 0.20 0.30 0.50 0.75 
0.5 £90 4.73 G.08 4.46 £1.27 i. 
‘ 1.0 2.20 1.06 1.59 1.45 1.30 1.18 
Bendin . 
ad :.S —— 1.91 1.60 1.45 1.30 1.18 
2.0 —— 1.94 1.60 1.46 1.30 1.18 
3.0 —— 2.00 1.61 1.47 1.30 1.18 
10 —— 2.05 1.62 1.47 1.30 1.18 Ref. 6 
| 
| = 
i . k=1+2 Vh r 
Elasti Tension (for h small compared with d). Refs. 7 & 8 
lastic 
| — Bending k=1+2 Vh/r 
(for h small compared with d). Refs. 7 & 8 
s Sharpness Effect Depth Effect | Seale Effect 
| | D=1%in. h= YX in. D=Hn. r= D/iAt=6 r/k=0.1 
1 7. Value of r Value of h | ~~. Value of D Ja 
"alias ‘aie Materia’ 0 0.080.15/002 % % % % 41 °:1.21/1% 1 % % % %e 
Recraorr.en Mecrecee Stati ; Plaste 2.50 2.30 1.80| 1.05 1.96 2.28 2.00 1.53 1.60 1.19) _-__ ____-_—___ 
ee ee Static Bending | G Cast Iron 1.36 1.54 1.43, 1.28 1.51 1.59 1.55 1.53 1.34 1.14] 1.24 —— 1.19 —— 1.20 1.15 
Rupture W. Cast Iron 1.33 1.66 1.40) 1.08 1.22 1.21 1.37 1.08 1.08 —_| —— ——_ ——_ ——- —_ —— 
Ni. Cast Iron 1.64 1.43) 1.13 1.45 1.57 1.58 1.47 1.30 1.13| 1.43 —— 1.31 —— 1.22 1.18 
Al. 112 1.77 1.39 1.37 1.61 1.53 1.82 1.30 1.02| 1.39 1.33 1.18 0.94 
Al. 195 1.43 1.24 | 1.24 1.01 1.04 
i i . rwr 1.28 1.2 
Mag. Alloy - 4 25 .27 ‘ 
Bekctite - 1.13 -_— — 1.13 . 1.15 Ref. 12 
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TYPE OF FORM STRESS MANNER 5 
IRREGULARITY OR CONDL- OF FACTOR OF STRESS CONCENTRATION k, k;, ke FOR VARIOUS 
STRESS-RAISER TION LOADING DIMENSIONS 
Elastic r/D = 0.125 
Stress Bending h/r = 0.667 1.33 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67 7.34 
k= 1.96 2.04 1.96 1.92 1.84 1.76 1.65 1.56 1.46 1.35 1.06 Ref. 12 
r/D = 0.125 
Stati ‘ _ 7 2 467 
Coun US Meson te atic Bending h/r = 0.6 1.33 2.00 3.33 4.67 6.00 
Rupture Plaster 1. 1.57 1.67 1.55 1.42 1.25 
MEMBER OF Cast I 19 vs mf ; : Ref. 12 
ieciicaniititan tits Wicctuaias ast Iron .28 oc £42 1. 11 1. ef. 
Tension Approximately same as case of square shoulder with fillet in rectangular bar 
Bending Approximately same as case of square shoulder with fillet in rectangular bar 
. P Value of r/d 
Elastic Did 9.005 0.01 0.02 0.03 0.04 0.06 0.08 0.10 0.12 
Stress Se 
2.00 — 3.0 2.25 2.00 1.82 1.65 1.51 1.44 1.39 
Torsion 1.33 — 2.7 2.16 1.91 1.76 1.60 1.48 1.40 1.35 
1.20 3.00 2.5 2.00 1.75 1.62 1.50 1.40 1.34 1.30 
1.09 2.20 1.88 1.53 1.40 1.30 1.20 1.146 LS Li 
k = 3/2 approximately. Ref. 2, 3 
Material D d r/d_ ks r/d k; 
0.065 per cent C. Steel 0.57 0.295 0 1.56 0.21 1.39 
SQUARE SHOULDER Tension 0.331 per cent C. Steel 0.57 0.295 0 1.82 0.21 1.39 
WITH FILLET IN 0.446 per cent C. Steel 0.57 0.295 0 1.67 0.21 1.41 
CIRCULAR SHAFT 0.645 per cent C. Steel 0.57 0.295 0 2.08 0.21 1.47 Ref. 25 
Material D d r/d k; 
0.57 per cent C. Steel (H. T.) — 0.080 0.15 1.03 
Repeated 0.57 per cent C. Steel (H. T.) — 0.410 0.15 1.50 
Stress 0.57 per cent C. Steel (H. T.) — 2.13 0.15 1.75 
Bendi 0.30 per cent C. Steel — 0.37 0.21 1.13 
ending | 0.30 per cent C. Steel — 0.37 0.053 1.59 
0.49 per cent C. Steel (H. T.) 0.40 0.275 0 2.04 
0.46 per cent C. Steel (H. T.) 28 is 0.188 1.35 
Alloy Steel (3.5 per cent Ni.; 0.8 per cent Cr..—— 0.30 0.267 1.21 
Alloy Steel (3.5 per cent Ni.; 0.8 per cent Cr.) 0.30 0.062 2.17 Ref. 10 
Torsion Approximately same as bending. Ref. 10 
Tension 0.875 
Cast Iron D/d= — r/d=0 k-=1 
0.5 Ref. 12 
Value of r/d 
ks Material D/d O 0.0150.021 0.031 0.042 0.062 0.083 0.093 0.125 0.166 0.186 0.25 0.375 
Bending Plaster 4/2 1,841.80 1.80 1.72 —— 1.50 1.37 —— 1.44 1.211.13 \ Ref. 13 
Plaster 4/3 1.82—— 1.53 —— 1.55 1.38 —— —— 1.26 —— 1.19—— R f 12 
Cast Iron 1/0.5 1.00 —— comne oe, = 
Static Value of r/d 
Rupture Material D d | 0 0.062 0.073 
Plaster 4 2 1.30 1.13 Ref. 13 
; Plaster 1.10 0.823} 0.87 —— 0.78 | 
Torsion | Cast Iron 0.65 0.50] 1.00 —— 1.03 | 
Ni. Cast Iron 0.65 0.50] 0.95 —— 0.80 } Ref. 12 
Al. 112 0.475 0.331} 0.91 —— 0.76 
Al. 195 0.475 0.331) 0.87 —— 0.87 
Al. 220 0.475 0.331; 0.94 —— 0.86 | 
Stati As Reinforced concrete (d = 6 in. and 3 in.) 
tatic Shown Condition (a) sharp corner (b) fillet, r/d = 14 (c) chamfered, h/d = 44 
Rupture ke = 1.00 1.02 1.06 Ref. 12 
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tigue Tests,” Am. Soc. 


A-15, 1936. 


; Mechanical Engrs., 
Jour. Applied Mechanics, Vol. 3—No. 1, p. 


Vol. 47, p. 199, 1925. 


Concentration Produced by Holes and Fil- 
lets,” Trans. Amer. Soc. Mechanical Engrs., 


TYPE OF FORM STRESS MANNER aa 
IRREGULARITY OR CONDIL- OF FACTOR OF STRESS CONCENTRATION k, k;:, k- FOR VARIOUS 
STRESS-RAISER TION LOADING DIMENSIONS 
; Value of r/d 
ek ae i 
3.6 3.10 2.66 2.28 2.00 1.76 1.60 
or 2.5 o.40 2:58 2.46 1.98 1:65 1.51 
2.0 2:66. 2:29 1.9% 2.7% 1.52 1.41 
1.75 2:42 2.944 1.87 1.66 1.4 1.36 0.172 d 
1.50 2.420 2.00 1.7 £:56 1.39 1.31 For D/d > 3,k =1.3+ 
Elastic _= 1.375 2.10 1.92 1.72 1.54 1.35 1.28 
Stress 1.25 1.96 1.84 1.66 1.50 1.32 1.26 q 
1.125 1.86 —— 1.60 ——- — — Ref. 5 
} Value of r/d 
n/r o a - 
. 0.05 0.10 0.20 0.27 0.50 1.0 
SouUARE SHOULDER Bending = = 
enn, Mitbiati bat 0.5 1.61 1.49 1.39 1.34 1.22 1:0 
ocietietmn tt, Mia ‘ 1.0 1.91 1.70 1.48 1.38 1.22 1.08 
; 2.S 2:60 1:73 2.90 1.30 1.23 12:68 
2.0 — 1.74 1.52 1.39 1.23 1.09 
3.5 —— 1.76 1.54 1.40 1.23 1.10 Ref. 6 
Material ky Material k, 
1.20 per cent C. Steel 3.5 per cent Ni. Steel 
(normalized) 1.23 2 Heat Treatments) 13> ©6=s «4.20 
Bending 0.52 per cent C. Steel Armco Iron 
Repeated (normalized) 1.23 (0.02 per cent C.) 1.08 
Stress ‘ 0.37 per cent C. Steel 0.49 per cent C. Steel 
= (normalized) 1.03 (normalized) 1.14 
Cr. Ni. Steel 
(3 Heat Treatments) 1.26 1.48 1.46 D/d=2 — r/d=0.25 Ref. 17 
(D/d = 5.5) 
Elastic As r/d = 0.125 0.15 0.20 0.25 0.30 0.40 0.50 0.70 1.00 
Stress Shown hk = 250 2.30 2:03 1.08 1.70 1.53 1.40 1.26 1.20 Ref. 12 
‘ (D=8% d=1%) Value of r/ 
Static PP Material 0 0.393 0.914 
Rupture owe | Plaster ke = 2.60 1.54 1.28 
SQuaRE OR FILLETED Cast Iron ke = 1.56 1.02 1.00 Ref. 12 
CoRNER IN 
TENSION 
— Tension |k =1+2 : (For wide plate). Ref. 7 
EvureticaL Hoe In 
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